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1PREFACE
When s tu d y in g  methods fo r  the  e s t im a t io n  o f  c a r n o s in e  in  mammalian 
m uscle  I was l e d  to  the  a d o p t io n  o f  a c o lo r im e t r i c  method based  on th e  
f a c t  th a t  t h i s  su b stan ce  forms a h ig h ly  c o lo u r e d  compound w ith  d i a z o t i s e d  
s u l p h a n i l i c  ac id *  In  a  subsequent se a r c h  fo r  r e l a t e d  s u b s ta n c e s  in  u r in e  
I su cceed ed  in  i s o l a t i n g  h i s t i d i n e  from the u r in e  o f  a p a t i e n t  s u f f e r i n g  
from m e a s le s  and a t  th a t  time regarded i t  a s  r e s p o n s ib le  f o r  the s o - c a l l e d  
E h r l ic h  d i a z o - r e a c t i o n  found in  f e b r i l e  c o n d i t i o n s .  About the  same tim e  
I had t h e  o p p o r tu n ity  o f  s tu d y in g  what i s  g e n e r a l l y  c a l l e d  th e  r a n  den Bergh 
r e a c t i o n  in  th e  serum o f  p a t i e n t s  w ith  ja u n d ic e .  S h o r t ly  a f t e r  coming 
to  Toronto I had o c o a s io n  to  t e s t  u r in e  from p a t i e n t s  w ith  ty p h o id ,  
m il ia r y  tub ercu loses ,and  c e r t a i n  o th e r  d i s e a s e s ,  and soon d is c o v e r e d  th a t  
the  tru e  E h r l ic h  t e s t  i s  n o t  a t t r i b u t a b l e  to  the  p r e sen ce  o f  h i s t i d i n e  
in  u r in e .  On p e r u sa l  o f  the l i t e r a t u r e  on E h r l i c h 1s d i a z o - r e a c t i o n  i t  
became app arent t h a t  th ere  a r e  s e v e r a l  su b s ta n c e s  in  u r in e  which r e a c t  
w ith  diazo-com pounds, and r e a c t  d i f f e r e n t l y  a co o rd in g  to  th e  c o n d i t io n s  
under w hich the  t e s t s  a r e  done. I t  was a l s o  record ed  th a t  p y r r o le s ,  
p y r im id in e s ,  p u r in e s ,  g lu c o s e ,  a c e t o ^ a c e t io  a c id ,a n d  v a r io u s  o th e r  
su b s ta n c e s  found i n  b i o l o g i c a l  m ater ia l^  r e a c t  w ith  diazo-com pounds form ing
h ig h ly  c o lo u re d  su b sta n ces*
The s u b je c t  o f  d ia z o - r e a o t io n s  i s  th u s  one o f  some com p lex ity*  Much 
has been w r i t t e n  on E h r l ic h * s  d i a z o - r e a c t i o n  and in  r e c e n t  y e a r s  on the  
▼an den Bergh r e a c t i o n  f o r  b i l i r u b i n  in  b loo d  serum. The P auly  t e s t  f o r  
g l y o x a l i n e s  has a l s o  been  e x t e n s i v e l y  u sed . However, knowledge o f  o th e r
d i a z o - r e a c t i o n s  g iv e n  by b i o l o g i c a l  m a te r ia l  has r e c e n t l y  become more 
im portant fo r  two main r e a s o n s .  One o f  th e s e  i s  the  in c r e a s in g  ten d en cy  
towards the  a d o p t io n  o f  c o lo r im e t r i c  methods i n  b io c h e m ic a l  work, both  
f o r  q u a l i t a t i v e  and q u a n t i t a t iv e  p u r p o se s .  C o lo r im e tr ic  methods are  
a p p l ic a b le  t o  th e  d e t e c t i o n  or e s t im a t io n  o f  s u b s ta n c e s  in  amounts fa r  
beyond the range o f  g r a v im e tr ic  or v o lu m e tr ic  m ethods, and w ith  a 
modem c o lo r im e te r  c e r t a i n  o f  them y i e l d  r e s u l t s  o f  h igh  q u a n t i t a t iv e  
a c c u r a c y .  Diazo-compounds are  amongst th e  most s e n s i t i v e  r e a g e n ts  we 
p o s s e s s  i n  b io c h e m is tr y .  Most o f  th e  r e a c t i o n s  w ith  w hich  we deal are  
g iv e n  q u i t e  s a t i s f a c t o r i l y  by a hundredth p a r t  o f  a mg. i n  a volume o f  
about 5 o c .  H a lf  a cu b ic  c e n t im e te r  o f  human b lo o d  serum, c o n t a in in g  0 .1  
mg. o f  b i l i r u b i n  p er  100 c c .  s u f f i c e s  f o r  the  d e t e c t i o n  o f  t h i s  su b stan ce  
by the  d ia z o - r e a g e n t s .  We th u s  employ l e s s  than  one two m i l l i o n t h  p a r t  
o f  a gram o f  the  su b sta n ce  fo r  th e  t e s t .  The o th e r  r ea so n  i s  th a t  we new
p o s s e s s  in  the  K o e s s le r  and Hanke d ia z o - r e a g e n t  a means fo r  the  p r e c i s e  
c o lo r im e t r i c  d e te r m in a t io n  o f  g l y o x a l i n e s ,  p h e n o ls ,  and t h i o l g l y o x a l i n e s  
in  s im p le  s o l u t i o n ;  and the s u c c e s s f u l  a p p l i c a t io n  o f  th e s e  methods to  
b i o l o g i c a l  f l u i d s  depends to  a la r g e  e x t e n t  on our knowledge o f  o th e r  
s u b s ta n c e s  capab le  o f  r e a c t in g  w ith  diazo-com pounds and p o s s i b l y  p r e s e n t  
in  the  m a te r ia l  to  be t e s t e d .  With such know ledge, s u i t a b l e  f r a c t i o n a t i o n  
methods may th en  be a p p l ie d  a s  a p r e l im in a r y  to  the  a c t u a l  e s t im a t io n  o f  
p a r t i c u la r  c o n s t i t u e n t s .
I t  th u s appeared to  the  w r i t e r  t h a t  th e r e  was some need fo r  a s y s te m a t ic  
trea tm en t o f  the whole s u b je c t  o f  d i a z o - r e a c t i o n s  in  t h e i r  r e l a t i o n s h i p  to  
b io c h e m is tr y .  Uo such stu d y  e x i s t s  i n  the  E n g l i s h  language and the  o n ly  
paper the  w r i t e r  has been  a b le  to  d i s c o v e r  w ith  t h i s  o b j e c t  i n  v iew  i s  
th a t  o f  Clemens in  1899; a lth o u g h  o f  c o u r s e ,  th e r e  are  numerous t h e s e s  and 
d i s s e r t a t i o n s  in  German and drench on the  c l i n i c a l  a s p e o t s  o f  E h r l i c h 1s  
d i a z o - r e a c t i o n .
The p r e se n t  stu d y  thu s r e p r e s e n t s  an a ttem p t to  c l a s s i f y  d i a z o - r e a c t i o n s  
on a ch em ica l b a s i s .  The su b s ta n c e s  w ith  w hich we a re  concerned are  
d iv id e d  in t o  two la r g e  groups a c co r d in g  a s  th e y  couple  w ith  diazo-com pounds  
in  an a c id  or an a l k a l i n e  medium, and are th u s r e s p e c t i v e l y  t r e a t e d  in
P art I and P art I I  o f  the p r e se n t  s tu d y . Throughout the work, a t t e n t i o n  
has been  g iv e n  p r im a r i ly  to  th e  chem ica l a s p e c t  o f  the r e a c t i o n s .  A z o -d y e s ,  
on accou n t o f  t h e i r  economic im portance,have o f  course  been e x t e n s i v e l y  
s t u d ie d ,b u t  the v a s t  l i t e r a t u r e  on the su b je c t  app ears to  be o f  l i t t l e  
h e lp  in  our p r e se n t  problem, fo r  the  rea son  t h a t  arom atic  am ines and 
p h e n o ls  c o n s t i t u t e  p r a c t i c a l l y  e x c l u s i v e l y  the commercial a z o -d y e s .  
U n fo r tu n a te ly  fo r  our p u rp oses ,  arom atic  amines do not appear to  e x i s t  
in  b i o l o g i c a l  m a te r ia l  and ph en o ls  do not p la y  a c o n sp icu o u s  p a r t ,  a t  
any r a te  in  anim al m etab olism . Thus no a t t e n t i o n  has been g iv e n  in  the  
p r e se n t  stu dy  to  aminoazo-compounds, and hydroxyazo-compounds have been  
but b r i e f l y  d e a l t  w i t h .  A sy s te m a t ic  trea tm en t o f  the commercial a z o -  
d yes i s  g iv e n  by Cain and Thorpe, [The S y n th e t ic  D y e s t u f f s ,  1 9 0 5 ,p . 4 7 ] .
On the o th e r  hand, th e  pure ch e m is tr y  on a z o -d y e s  from p y r r o le s ,  
p y r im id in e s ,  p u r in e s ,  t h i o l g l y o x a l i n e s ,  and o th e r  su b s ta n c e s  o f  much 
s i g n i f i c a n c e  in  the  anim al economy, has not been s y s t e m a t i c a l ly  undertaken ,  
and in fo r m a tio n  on such s u b j e c t s  som etim es does not e x i s t ,  i s  w id e ly  
s c a t t e r e d ?and i s  f r e q u e n t ly  found in  the  most d iv e r s e  s u b je c t - m a t t e r .
The w r i t e r ’ s trea tm en t o f  t h i s  r a th er  d i f f i c u l t  l i t e r a t u r e  must n e c e s s a r i l y  
have many sh o r tc o m in g s ,y e t  i t  may be adequate perhaps to  the  e x te n t  o f
em phasis ing  th a t  a t  l e a s t  in  the f i e l d  o f  b io c h e m ie a l  d i a z o - r e a e t i o n s  the  
a id  o f  the  organ ic  chem ist  i s  u r g e n t ly  c a l l e d  f o r .
The o b j e c t s  o f  n ex t  importance have been the d e t e r u in a t io n  o f  the  
optimum c o n d i t io n s  fo r  c o u p l in g ,  the d e s c r ip t io n  and c h a r a c t e r i s a t i o n  o f  the  
c o lo u r s ,^ th e  s e n s i t i v i t y  and s p e c i f i c i t y  o f  the  r e a c t i o n s .  I t  sh ou ld  be 
em phasised ,how ever, th a t  such means o f  d i f f e r e n t i a t i o n  are  dependent on the  
performance o f  the t e s t s  under s p e c i f i e d  c o n d i t io n s .  Apart from the r e a c t io n  
o f  the c o u p lin g  medium, the amount o f  su b stan ce  used  fo r  th e  t e s t s  i s  o f  
the g r e a t e s t  im portance. I t  may be n oted  a s  a g e n e r a l  p r in c ip le  o f  c o lo u r  
t e s t s ,  and o f  d iazo  c o lo u r  t e s t s  in  p a r t i c u l a r ,  th a t  the c o lo u r s  are  
c h a r a c t e r i s t i c  o n ly  when the r e a c t iv e  su b stan ce  i s  p r e s e n t  in  amount j u s t  
s l i g h t l y  g r e a te r  than  the minimum which g i v e s  a p e r c e p t ib le  c o lo u r .  Thus 
the  maximum amount o f  the common g l y o x a l i n e s  may be s e t  a t  r a th e r  l e s s  
than 0 .1  mg. where the t o t a l  volume o f  t e s t  s o lu t io n  and r e a g e n t s  amounts 
to  l e s s  than  10 o c .  Over a sh ort  range j u s t  above the l i m i t  o f  s e n s i t i v i t y  
th e re  i s  a l i n e a r  p r o p o r t io n a l i t y  between the. c o n c e n tr a t io n  o f  su bstance  
p r e se n t  and the  amount o f  c o lo u r  produced, under d e f i n i t e  c o n d i t io n s  to  be 
s p e c i f i e d  l a t e r  t h i s  h o ld s  tru e  fo r  b i l i r u b i n ,  p h e n o ls ,  g l y o x a l in e s ,a n d  
t h i o l g ly o x a l i n e s ,a n d  probab ly  fo r  o th er  su b s ta n c e s  which have not y e t  been
q u a n t i t a t i v e l y  s t u d ie d .  When, however, e x c e s s iv e  amounts o f  g l y o x a l i n e s ,  
fo r  example 2 -3  mg. o f  h i s t i d i n e ,  are  used  under the  same c o n d i t i o n s ,  the  
c o lo u r s  c e a se  to  he p r o p o r t io n a l  to  the amount o f  su b stan ce  p r e s e n t ,  th e  
shade o f  c o lo u r  i s  more y e l lo w  than th a t  o b ta in ed  under optimum c o n d it io n s^  
and the  t im e  o f  c o lo u r  developm ent oan n o t  be judged . The same i s  tru e  fo r  
oth er  d i a z o - t e s t s .  So t h a t  w ith o u t  due regard  to  th e s e  c o n s id e r a t io n s  
much u s e f u l  in fo r m a tio n  which i s  o th erw ise  o b ta in a b le  from d i a z o - t e s t s , i s  
l o s t .
The d ia z o -r e a g e n t  and tech n iq u e  used  in  perform ing the  t e s t s  are a l s o  
im p ortan t , and the main f e a t u r e s  o f  d i f f e r e n t  d ia z o - r e a g e n t s  recommended 
in  the l i t e r a t u r e  are  exam ined.
C e r ta in  b io ch em ica l  and p h y s i o l o g i c a l  problem s in t im a t e ly  a s s o c i a t e d  
w ith  p a r t i c u la r  d i a z o - r e a c t i o n s  have a l s o  been d i s c u s s e d .
P art I I I  i s  a r e -e x a m in a t io n  o f  the  s u b je c t  o f  -£he d ia z o - r e a c t io n s o f  
u r in e  in  the l i g h t  o f  our study o f  the in d iv id u a l  ty p e s  o f  d ia z o -r e a c t io n #
uIn tr o d u c t io n .
Of the v a r io u s  r e a c t i o n s  o f  diazo-com pounds, such a s  th e  form ation  
o f  p h en o ls  in  hot aqueous s o l u t i o n ,  the form ation  o f  h a lo g e n  d e r i v a t i v e s  
by the SancLmeyer m ethods, and so on, we are concerned o n ly  w ith  the  
p r o p e r ty  p o s s e s s e d  by diazo-compounds o f  r e a c t i n g ,  or " co u p lin g" , w ith  
. o th er  su b s ta n c e s  to  form c o lo u re d  compounds, or a s  synonymously used  
* h e r e ,  d y e s .  For the  perform ance o f  a d ia z o - r e a c t io n  a s  th u s  d e f in e d ,  i t  
i s  f i r s t  n e c e s s a r y  to  choose  a s u i t a b l e  arom atic  am ine, from w hich by the  
a c t io n  o f  n i t r o u s  a c id ,  we prepare the diazo-com pound. S u lp h a n i l io  a c id  —
I fo r  such r e a so n s  a s  i t s  ready a v a i l a b i l i t y  in  a h ig h  degree o f  p u r i t y ,  
the e a se  w i th  which i t  can be d i a z o t i s e d ,  the s t a b i l i t y  o f  i t s  d i a z o t i s e d  
product a t  ord in ary  tem p erature , and the  f a c t  th a t  the d i a z o t i s e d  product  
does not r e a d i l y  combine w ith  unchanged s u lp h a n i l i o  a c i d — has been  
g e n e r a l ly  adopted fo r  b io c h e m ic a l  t e s t s .  When, to  a s o l u t i o n  o f  s u lp h a n i l i o  
a c id  in  h y d r o c h lo r ic  a c id ,  the  r e q u i s i t e  amount o f  an aqueous s o l u t i o n  o f  
sodium n i t r i t e  i s  added we g e t  a s  the product o f  d i a z o t i s a t i o n , 
p -su lp h od iazob en zen e  c h lo r id e  a c co r d in g  to  the f o l lo w in g  e q u a tio n :
i
s u lp h a n i l io  a c id H C l  p -su lp h o d ia zo b en zen e  c h l o r i d e .
! Such diazo-com pounds, from t h e i r  resem blance to  ammonium compounds 
(a re  a l s o  c a l l e d  dlazonlum  s a l t s ,  and d iazobenzene  c h l o r i d e ,  Ph.N -=N .C l,
r
Smay a l s o  be w r i t t e n  a s  benzenediazonium  c h l o r i d e ,  PhN= N ; one N-atom
Cl
-H




In w eakly  a l k a l i n e  s o l u t i o n  th e re  e x i s t s  th e  corresp o n d in g  d ia z o - h y d r a t e ,
Ph.N~N.OH, or the  diazonium  h yd rox id e , Ph -  N^ N.
I
OH
The c o u p lin g  p r o c e s s ,  which occu rs  w ith  o th e r  arom atic  am ines or w ith  
f p h en o ls  a s  second  component, may be i l l u s t r a t e d  th u s:
p -su lp h o d ia zo b en zen e  c h lo r id e  a n i l i n e  aminoazo-compound.
phenol hydroxyazo-compound.
Diazo-compounds cou p le  i n  an a c id  medimn w ith  arom atic  am ines, hut w ith  
p h en o ls  g e n e r a l ly  o n ly  in  a w eakly  a l k a l i n e  medium.
The group -N *=■ N- betw een  two carbon atom s, i s  c a l l e d  the a z o -g r o u p , 
and the  dyes c o n t a in in g  i t  the a z o -d y e s .  (In  the diazo-com pounds on ly  
one N o f  the group - N - H -  i s  a t ta c h e d  to  c a r b o n . ) .  More than  one 
a r y la z o -g r o u p  may couple  w ith  the second component: when two, the  
d e r iv a t i v e s  are  c a l l e d  b i s a z o -  and when t h r e e ,  t r i s a z o - d y e s .
fle s h a l l  be m ain ly  concerned  w ith  compounds in  which the axo-grou p  i s  
cou p led  to  a carbon-atom  o f  the second component, in  which c a se  the  
compounds are  G -a zo -d y es* C oupling may however, be w ith  a n i t r o g e n  atom, 
in  which case  the  compounds a r e  N -a z o -d y e s .
Azo-compounds in  which the  second  component i s  an a l i p h a t i c  compound 
are termed mixed azo-com pounds.
10
P a ^ t l  ^  R ^ 0 V > 6  W v O /n  A c u i  Cm ^ ( juy^  M e A u > v \  »
AZOPYRROLSS.
D e r i v a t i v e s  o f  p y r r o l e  w i l l  be d e s c r i b e d  a c c o r d i n g  to  t h e  u s u a l  
n um ber ing ,  p o s i t i o n s  2 and  5 b e in g  som etim es d e s i g n a t e d  a s  an d  
cL!v and  p o s i t i o n s  3 and  4 a s  and  f t  .
4 .  GH CH, 3.
5 .  GH CH 2 .
NH
1.
Of im m edia te  i n t e r e s t  t o  u s  a r e  t h e  r e d u c t i o n  s p l i t  p r o d u c t s  o f  
haem in ,  w h ich  may be l i s t e d  a c c o r d i n g  t o  H . F i s c h e r  ^ 2 7 ^  a s  
follows*.
Haemopyrrole B ases
C g H g . C  -----  C‘ CH,
HC C.CH 
\  /  3 
NH
2 : 3 -d im e th y l -4 -e t h y lp y r r o le
or
1 .  Haemopyrrole
C H „ . G  C , C  L3 „ ,t 2 5
H . C  C#CH „
X /  3 
NH
2 :4 - d im e t h y l -3 - e t h y lp y r r o le
or
2« C ryptopyrrole
cV c 2 5
ch3 . c C.CH 
\  /  2 
NH





2:4  : 5 - t r im e th y l~ 3 ~ e th y lp y r r o le  3 :4 -m e th y le th y lp y r r o le
or or
3 .  P h y l lo p y r r o le  4 .  O psopyrrole
Haemopyrrole A oids
H OO C.C H g CHg . C C .C H ch3 . c C . C H g . C H g .COOH
HC G * GH_ 
\  X  3
HO C.CH,
NH NH
5 . H aem opyrrole-earbonio a o id  6* C r y p to p y rr o le -ca r b o n ic  a c id
C H - . C   C .  C H „ . CH . COOH C H _ . C  C . C H „ . C H  .COOHo \ ii * ft 3 / i  i, 2 2




7* P h y l l o p y r r o l e - o a r b o n i o  a c i d  Q« O p s o p y r r o l e - c a r b o n i o  a o i d
The b e h a v i o u r  o f  t h e s e  p y r r o l e s  to w a rd s  d iazo -com pounds  w i l l  be 
d e s c r i b e d  a s  we p r o c e e d  i n  a  s y s t e m a t i c  s t u d y  o f  th e  c o n d i t i o n s  u n d e r
w h ich  p y r r o l e  and  i t s  s im ple  s u b s t i t u t e d  p r o d u c t s  c o u p le  w i t h  d i a z o -
compounds. We s h a l l  t h u s  c o n s i d e r  i n  seq uence  p y r r o l e ,  mono-,  d i - t 
t r i - , a n d  t e t r a - C - s u b s t i t u t e d  p y r r o l e s ^ a n d  f i n a l l y  N - s u b s t i t u t e d
p y r r o l e s .  We s h a l l  t h e n  s e ek  to  s t a t e  any  v a l i d  g e n e r a l i s a t i o n s  on 
th e  f o r m a t i o n  o f  a z o p y r r o l e s  which may r e s u l t  from t h i s  s t u d y .
0 . F i s c h e r  and Hepp ^ 8 8 6 ]  f i r s t  showed t h a t  p y r r o l e  i n  a l c o h o l i c  
sodium a c e t a t e  s o l u t i o n  r e a c t s  w i t h  d i a z o b e n z e n e  c h l o r i d e  t o  form a 
m o n o a z o - d e r i v a t i v e  o f  th e  c o m p o s i t i o n ,  C^H^N.Ng.CgHg. The c i t r o n -  
y e l lo w  c r y s t a l s  have b a s i c  p r o p e r t i e s  and  a r e  e a s i l y  s o l u b l e  i n  
h y d r o c h l o r i c  a c i d  g i v i n g  a  r e d d i s h - y e l l o w  s o l u t i o n .  The b a se  i s  r e ­
c o v e r e d  unchanged  by th e  a d d i t i o n  o f  ammonia or f i x e d  a l k a l i .
I f ,  however ,  a  m o l e c u l a r  p r o p o r t i o n  o f  p y r r o l e  i n  a l c o h o l  i s  l e f t  
t o  a c t  w i t h  two m o l e c u l a r  p r o p o r t i o n s  o f  d iazo-com pound  i n  p r e s e n c e  
o f  sodium o a r b o n a t e o r  sodium h y d r o x id e  a  b i s a z o - d y e  o f  th e  c o m p o s i t i o n
0 .H„N(N<iC,.H_) i s  fo rm ed.  The c r y s t a l l i n e  p r o d u c t  i n  t h i s  c a s e  c o n s i s t s  4 3 2 6 5 2
o f  r e d - b r o w n  l e a f l e t s .  I t  d i s s o l v e s  i n  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d
w i th  a  g r e e n - b l a c k  c o l o u r ,  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  w i t h  a 
b e a u t i f u l  b lu e  c o l o u r ,  i n  c o n t r a s t  t o  t h e  m o n o a z o - d e r i v a t i v e  w hich  
d i s s o l v e s  i n  t h e  same medium w i t h  a  y e l l o w  c o l o u r .  A d d i t i o n  o f  w a t e r
It o  t h e  s u p h u r i c  a c i d  s o l u t i o n  c h an g es  t h e  c o l o u r  t o  r e d .  The s o l u t i o n  
i n  a l c o h o l i c  sodium o r  p o t a s s i u m  h y d r o x id e  i s  f u c h s i n - r e d .
A na log o us  t o l u e n e - , d [ - n a p h t h y l e n e -   ^ and ^ 3 -  n a p h t h y l e n e a z o -  
d e r i v a t i v e s  were  p r e p a r e d  by 0 . F i s c h e r  and Hepp. They c o n c lu d e  t h a t  
t h e  d y e s  formed a r e  i n  a l l  c a s e s  t r u e  C-azo-compounds and t h a t  t h e r e  
i s  no c o u p l i n g  th r o u g h  t h e  im in o - g r o u p .  The K isazo-compounds a r e  
r e g a r d e d  a s  e i t h e r  j l r : jL- o r  / 3 - j  /3-compounds,  w i t h  th e  a z o - g r o u p s  
a r r a n g e d  s y m m e t r i c a l l y  t o  th e  IT-atom.
That  t h e  b e n z e n e a z o p y r r o l e  o f  F i s c h e r  and  Hepp i s  a n  / . - d e r i v a t i v e  
i s  c o n f i rm e d  by the  f i n d i n g  o f  P l a n c h e r  and Sonc ine  [l90l]  t h a t  u r e a  
d e r i v a t i v e s  may be p r e p a r e d  from Ji- b e n z e n e a z o p y r r o l e  by t r e a t m e n t  
w i t h  p h e n y l  i s o c y a n a te ^ w h e r e a s  s u c h  s u b s t a n c e s  a r e  n o t  fo rm ed  when th e  
a z o - g r o u p  i s  i n  t h e  f t - p o s i t i o n .  I t  i s  t h u s  su p po sed  t h a t  ( / - b e n z e n e ­
a z o p y r r o l e  e x i s t s  i n  th e  t a u t o m e r i c  fo rm s .
14.
Mon o s u b s t i t u t e d  P y r r o le s .
0 . F i s c h e r  and  Hepp ^886)  r e c o r d  t h a t  o l - p y r r o l e c a r b o x y l i c  a c i d  fo rm s 
a  b isazo -com pound  w i t h  l o s s  o f  COg when c o u p le d  i n  a l k a l i n e  s o l u t i o n ,  
b u t  t h a t  / . - c a rb m e th o x y  p y r r o l e  u n d e r  the  same c o n d i t i o n s  form s a  
monoazo-compound. K h o t in s k y  and S o l o w e i t s c h l k  ^.909] f i n d  t h a t  i n  a c i d  
s o l u t i o n  w i t h  d i a z o t i s e d  s u l p h a n i l i o  ac id ? i - p h e n y l p y r r o l e  fo rm s a n  
^ -m o n o a z o  compound.
I  have b e e n  u n a b le  to  f i n d  any  r e c o r d  o f  th e  p r e p a r a t i o n  o f  a n  
a z o - d e r i v a t i v e  o f  a  m o n o - ^ - s u b s t i t u t e d  p y r r o l e .
D i s u b s t i t u t e d  P y r r o l e s .
/ : J L - d i m e t h y l p y r r o l e  i n  s l i g h t , ; a c i d  s o l u t i o n  forms a  monoazo-compound 
w i t h  d ia z o b e n z e n e  c h l o r i d e  [ F i s c h e r  and  H e p p , 1 8 8 6 j . The a n a l o g o u s  
compound h a s  been  p r e p a r e d  from t h e  same s u b s t a n c e  w i t h  d i a z o b e n z e n e -  
p - s u l p h o n i c  a c i d  by H F i s c h e r  and  B a r th o lo m au s  [ l91 1 -1 2 ]  . These 
a r e  y e l lo w  compounds unchanged  i n  c o l o u r  i n  c o n t a c t  w i t h  s t r o n g  a c i d s .
2 : 4  - d i m e t h y l p y r r o l e  fo rm s i n  a c i d  s o l u t i o n  a  y e l lo w -b ro w n  monoazo- 
d e r i v a t i v e  [ h . F i s c h e r  and  B a r th o lo m a u s ,  1 9 1 1 - 1 2 J ,  and  2 - m e t h y l - 3 -  
c a r b e t h o x y p y r r o l e  a  r e d - b r o w n  m o n o a z o - d e r i v a t i v e  w i t h  d i a z o b e n z e n e -  
p - s u l p h o n i c  a c i d  He . F i s c h e r  and  S c h u b e r t ,  1 9 2 6 ] .  Whether  t h e  a z o -
15.
g roup  a t t a c h e s  i t s e l f  to t h e d . -  o r /3  - p o s i t i o n  i n  t h e s e  c a s e s  h as  n o t  
b e en  d e t e r m i n e d .
The b e h a v i o u r  o f  3 : 4 - m e t h y l e t h y l p y r r o l e ,  o r  o p s o p y r r o l e ,  w i t h  
d iazo -com pounds  i s  o f  p a r t i c u l a r  i n t e r e s t  i n  r e l a t i o n  t o  th e  s t u d y  
o f  the  a c t i o n  o f  d iazo -com pounds  on b i l i r u b i n .  The l i t e r a t u r e  on th e  
a z o - d e r i v a t i v e s  o f  o p s o p y r r o l e  i s ,  how ever ,  to o  i n c o m p le t e  t o  p e r m i t  
a s  y e t  o f  d e f i n i t e  c o n c l u s i o n s  a s  to  w h e th e r  t h i s  s u b s t a n c e  forms 
m ono-or  b i s &z o - d e r i v a t i v e s ,  o r  b o t h .  The e v id e n c e  a p p e a r s  s u f f i c i e n t l y  
s t r o n g , a s  may be  s e e n  i n  the f o l l o w i n g  d i s c u s s i o n ,  t o  w a r r a n t  t h a t  
i t  forms some compound o t h e r  t h a n  a  s im p le  d,-monoazo~dye.
I n  1904-^05, b e f o r e  th e  complex n a t u r e  o f  p y r r o l e  o i l  from 
c h l o r o p h y l l  or haemin  was u n d e r s t o o d ,  M a rch lew sk i  and  h i s  p u p i l s  
^Goldmann and  M a r c h l e w s k i , 1904-05 ;  GrOldmann, H e tp e r ,  and  M a rc h le w sk i ,  
1905^ i s o l a t e d  from th e  o i l  p r e p a r e d  from haem in ,  c r y s t a l s  w i t h  a  
d e f i n i t e  m . p . ,  s o l u b l e  i n  c h lo r o f o r m  w i t h  a  b l u e - v i o l e t ,  i n  h y d r o c h l o r i c  
a c i d  w i t h  a  b l u e ,  and i n  p o t a s s i u m  h y d ro x id e  w i t h  a  r e d  c o l o u r .  The 
s u b s t a n c e  was r e g a r d e d  a s  a  b i s a z o - d e r i v a t i v e  o f  " h a e m o p y r r o le w. I t  
was s u g g e s t e d  j i iu raczew sk i  and M arch lew sk i ,1906] |  t h a t  th e  dye t h u s  
p r e p a r e d  from p y r r o l e  o i l  was th e  same a s  t h a t  o b t a i n e d  from 3 : 4 -
16
m e t h y l - n - p r o p y l p y r r o l e , b u t  i t  was l a t e r  shown t h a t  two a z o - d e r i v a t i v e s  
were o b t a i n a b l e  from s y n t h e t i c  3 :4  m e t h y l - e t h y l p y r r o l e , i d e n t i c a l  w i t h  
the  two main a z o - p r o d u o t s  i s o l a t e d  from p y r r o l e  o i l  [o rabow sk i  and
az.o-
M a r c h l e w s k i ^ l 9 1 2 ; 1 9 1 4 j  . The two dla&a >- t o l u e n e A d e r i v a t i v e s  a r e  t h u s  
f o r m u l a t e d  by  M arch lew sk i  ^.922j*.
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The d£a^©benzeneA d e r i v a t i v e  c o r r e s p o n d i n g  t o  P r o d u c t  I  formed
Q
r e d  c r y s t a l s  m .p .  233, b e l o n g i n g  to  t h e  mono- or  t r i c l i n i c  sy s te m .
The sp e c t ru m  of  t h e  b a se  showed two b a n d s ,  A s  5 5 3 - 5 3 0 .5  a n d  A = 
5 19-495 ,  w h i l s t  t h e  h y d r o c h l o r i d e  showed o n ly  one band s i t u a t e d  on t h e  
g r e e n  t h a l l i u m  l i n e .
CL2JD-
The d±ft*abenzeneA d e r i v a t i v e  c o r r e s p o n d i n g  to  P r o d u c t  I I -  f o r m u l a t e d
1 7 .
a s  a  c o n j u g a t e d  m ono azo -dy e , th o u gh  the  manner o f  l i n k a g e  o f  th e
p y r r o l e  n u c l e i  i s  r e g a r d e d  by M a rch lew sk i  a s  n o t  c l e a r ,  fo rm s r u b y
c r y s t a l s  m .p .  £ 6 8° .  The c h lo r o f o r m  s o l u t i o n  i s  b l u e - v i o l e t ,  t h e
h y d r o c h l o r i c  a c i d  s o l u t i o n  c l e a r  b l u e ,  and  th e  n e u t r a l  o r  a l k a l i n e
s o l u t i o n  r e d .  The c h lo r o f o r m  s o l u t i o n  shows two p o o r l y  d e f i n e d  bands
i n  t h e  r e g i o n  K= 5 7 1 .5  —  511, b e s i d e s  a  s t r o n g  a b s o r p t i o n  i n  t h e
vjdLet and  u l t r a v i o l e t  r e g i o n s .
H . F i s c h e r  an d  Walach | l 9 £ 6 |  have found  t h a t  3 : 4 - d i m e t h y l ^ p y r r o l e
c o u p l e s  i n  a c i d  s o l u t i o n  w i t h  d i a z o b e n z e n e - p - s u l p h o n i c  a c i d  t o  form
a  b l u e  a z o - d y e ,  w h ich  was n o t  f u r t h e r  i n v e s t i g a t e d  owing to  s c a r c i t y
o f  m a t e r i a l .  H . F i s c h e r  and T r e i b s  ^ 9 2 6 ]  m e n t io n  t h a t  u n d e r  t h e  same
c o n d i t i o n s  o p s o p y r r o l e  fo rm s a  b lu e  a z o - d y e  and t h a t  o p s o p y r r o l e -
c a r b o n i c  a c i d  g i v e s ,  a l o n g  w i t h  a  brown i n t e r m e d i a t e  p r o d u c t , a  b l u e
a z o - d y e .  The b lu e  s o l u t i o n  shows a  b r o a d  s p e c t r a l  band  a t  \ = 645-650
With sodium h y d r o x id e  the  c o l o u r  o f  t h e  b l u e  s o l u t i o n  i s  changed  t o  r e d .
These f i n d i n g s  w i t h  f t  : ft  - d i m e t h y l p y r r o l e , o p s o p y r r o l e ,  and
o p s o p y r r o l e  c a r b o n i c  a c i d  a r e  i m p o r t a n t ,  i n c o n c l u s i v e  a s  t h e y  a r e ,  i n
t h a t  t h e y  g iv e  t o  th e  work o f  M a rc h le w sk i  and  h i s  p u p i l s  a  s i g n i f i c a n c e
#
which  p e r h a p s  i t  has  n o t  h i t h e r t o  e n j o y e d .  From t h e  work o f  0 . F i s c h e r
and  Hepp and  o f  H . F i s c h e r  i t  seemed u n l i k e l y  t h a t  i s a z o p y r r o l e s  a r e  
e v e r  fo rm ed  by c o u p l i n g  i n  a c i d  s o l u t i o n .  P y r r o l e  i t s e l f  fo rm s a  
m o n o a z o -p ro d u c t  u n d e r  t h e s e  c o n d i t i o n s  and t h e  m o n o - a l k y l a t e d  
p y r r o l e 8 so f a r  i n v e s t i g a t e d  have b e e n  found  t o  y i e l d  m o n o a z o - p r o d u c t s ,
t
a s  do a l s o  the  o t h e r  t h a n  : [5 - d i s u b s t i t u t e d  p y r r o l e s .  We a r e  n o t  
y e t  c e r t a i n ,  o f  c o u r s e ,  t h a t  t h e s e  y i e l d  k i s a z o - d e r i v a t i v e s  b u t  t h e  
e v id e n c e  t o  d a t e  i s  i n  f a v o u r  o f  t h i s  a s s u m p t io n .  I t  i s  found  t h a t  t h e  
m o n o a z o - p y r r o l e s ,  formed a t  l e a s t  w i t h  d ia z o b e n z e n e  c h l o r i d e  o r  
d i a z o b e n z e n e - s u l p h o n i c  a c i d ,  a r e  a p p a r e n t l y  w i t h o u t  e x c e p t i o n  y e l lo w  
or  o r a n g e - c o l o u r e d  s u b s t a n c e s ,  w h ic h ,  u n l i k e  th e  a z o - d e r i v a t i v e  o f  
o p s o p y r r o l e ,  a r e  n o t  t u r n e d  b lu e  i n  c o l o u r  w i t h  a c i d s .  The m e n t io n  by 
H . F i s c h e r  and ^ ' r i e b s  o f  th e  f o r m a t i o n  o f  a  brown i n t e r m e d i a t e  p r o d u c t  
i n  t h e  c o u p l i n g  o f  o p s o p y r r o l e - c a r b o n i c  a c i d  s u g g e s t s  t h a t  two a z o -  
d e r i v a t i v e s  o f  o p s o p y r r o l e  a r e  formed i n  a c i d  s o l u t i o n ;  and  M a r c h l e w s k i 1s 
e v id e n c e  on t h i s  p o i n t  i s  n o t  r e a s o n a b l y  i n  d o u b t .  The r e d  c o l o u r  o f  
the  n e u t r a l  o r  a l k a l i n e  s o l u t i o n  and th e  b lu e  c o l o u r  o f  t h e  a c i d  
s o l u t i o n  a r e ,  a c c o r d i n g  t o  O . F i s o h e r  and  Hepp, c h a r a c t e r i s t i c s  o f  i d s a z o  
p y r r o l e s .  As we s h a l l  s e e ,  t h i s  c o l o u r  change i s  a l s o  a k i n  to  t h a t
19.
o b t a i n e d  w i t h  b i s a z o - b i l i r u b i n .
Note t o  Page 17,
I  have  s t u d i e d  c a r e f u l l y  th e  v a r i o u s  p a p e r s  o f  M a rch le w sk i  on 
a z o p y r r o l e s  a s  he was t h e  f i r s t  o b s e r v e r  i n  t h i s  p a r t i c u l a r  f i e l d ;  
and a s  n o t e d  by  K u s t e r  j l 9 2 2 , l ]  , he showed by means o f  t h e  a z o -
d e r i v a t i v e s  the  complex  n a t u r e  o f  p y r r o l e  o i l  and  d e m o n s t r a t e d  t h e
i d e n t i t y  o f  th e  p r o d u c t s  p r e p a r e d  from c h l o r o p h y l l  and  from haemin;
b u t  o f  h i s  work we c a n  o n ly  a g r e e  w i t h  K u s t e r  and w i t h  H . F i s c h e r  and
B a r th o lo m a u s  ^ 9 1 1 - * i s ]  t h a t  the  f i n d i n g s  a r e  n o t  c l e a r .  A f t e r  i t  
was found  by z i i s t e r  jl908} t h a t  p y r r o l e  o i l  had a t  l e a s t  two c o n s t i t u e n t s  
M a r c h l e s w k i j l 9 0 8 ;  M arch le w sk i  an d  R e t i n g e r ,  1908} r e p o r t e d  t h e  
i s o l a t i o n  o f  no l e s s  t h a n  f i v e  a z o - d e r i v a t i v e s  from t h e  c ru d e  p y r r o l e  
o i l ,  f o u r  o f  which  were  d e s c r i b e d  w i t h  r e s p e c t  to  c y r s t a l  fo rm . i jw p . , 
c o l o u r ,  and  t h e  p r o p e r t y  o f  fo rm in g  complex m e t a l l i c  s a l t s .  S e v e r a l  
s t r u c t u r a l  fo rm u lae  were s u g g e s t e d  f o r  c e r t a i n  o f  t h e s e  compounds by 
M arch lew sk i  j l909;  M arch le w sk i  and  R o b e l ,  1910} b u t  t h e s e  were l a t e r  
m o d i f i e d .  I t  i s  s t a t e d ^ M a r c h l e w s k i , 1912} t h a t  " h a e m o p y r r o le ” -  
p r e s u m a b ly  o p s o p y r r o l e  -  forms a  mono-azo d e r i v a t i v e  b u t  i n  e x c e s s  o f  
d iazo -com pound  t h i s  soon  ch an g e s  to  t h e  t i s a z o -c o m p o u n d .  M a rch le w sk i ,
|192Ej l a t e r  c o n f i n e s  h is  c l a im s  t o  t h e  p r e p a r a t i o n  o f  two a z o - p y r r o l e s  
from 3 : 4 - m e t h y l e t h y l p y r r o l e  and r e g a r d s  th e  o t h e r  azo-com pounds  p r e p a r e d  
from p y r r o l e  o i l  a s  p r o b a b l y  m i x t u r e s .  The c o n j u g a t e d  m onoazo-dye ,  
c a l l e d  p r o d u c t  I I  t h r o u g h o u t  M a r c h l e s w k i *s p a p e r s ,  h a s  a p p a r e n t l y  a  
d e e p e r  c o l o u r  t h a n  t h e  l* isazo -dy e ,  p r o d u c t  I .  The d i f f i c u l t y  i n  i n t e r ­
p r e t i n g  the  f i n d i n g s  o f  M a rch le sw k i  i s  g r e a t l y  i n c r e a s e d  by th e  f r e q u e n t  
e r r a t a ;  e . g .  p r o d u c t  I I  i s  f i r s t  g i v e n  jM arch lesw k i  and  B e t i n g e r ,  1908J 
a s  C2 3 H£ 7N5 °E and l a t e r  [M a rch lew sk i ,  19£2j  a s  CggHggNgCl f o r m u l a t e d
2.1 .
T r i s u b s t i t u t e d  P y r r o l e s .
H . F i s c h e r  and  B a r th o lo m a u s  | l 9 1 1 - ’ l £ ]  p r e p a r e d  mono-C-azo-compounds 
from t h e  f o l l o w i n g  s u b s t i t u t e d  p y r r o l e s  by t r e a t m e n t  o f  t h e i r  a l c o h o l i c  
s o l u t i o n s  w i t h  1 p e r  c e n t ,  a q u e o u s  d i a z o b e n z e n e - p - s u l p h o n i c  a c i d  i n  a  
medium a p p r o x i m a t e l y  0 .0 5  norm al  ac id<-  £ : 4 - d i m e t h y l - 3 - a c e t y l p y r r o l e ;
£: 5 - d i m e t h y l p y r r o l e - 3 * j a r b o n i c  a c i d ,  and  £; 5 -d im e t h y l - 3 - c a r b e t h o x y -  
p y r r o l e .  O th e r  a z o - d e r i v a t i v e s  d e s c r i b e d  a r e  t h o s e  from £ : 4 : 5 - t r i -  
m e th y l  p y r r o l e  jg. F i s c h e r  and B a r th o lo m a u s ,  1 9 1 £ ,3 j  ; £ : 4 - d i m e t h y l p y r r o l e -  
5 - p r o p i o n i c  a c i d  ji. F i s c h e r  and Hose, 1914^ ; and  th e  d i a z o t i s e d  
b e n z i d i n e  d e r i v a t i v e s  o f  £ : 4 - d i m e t h y l - 3 - c a r b e t h o x y p y r r o l e  an d  £ : 4 -  
d i m e t h y l - 3 - a c e t y l p y r r o l e  [g. F i s c h e r  and  S c h n e l l e r , 1 9 £ 3 | .  From such  
f i n d i n g s  H . F i s c h e r  and B a r th o lo m au s  | l 9 1 £ , l ]  showed t h a t  t r i a l k y l a t e d  
JL-azo-dyes do no t  change  a p p r e c i a b l y  i n  c o l o u r  w i t h  a c i d s ,  w h i l s t  
t r i a l k y l a t e d / 9 - a z o - d y e s  a t  t h e  same d i l u t i o n  t u r n  r e d  w i t h  a c i d s .  They 
j^H.Fischer  and  B a r th o lo m a u s ,  1 9 1 £ ,£ j  d e s c r i b e  t h e  / 3 - d e r i v a t i v e s
i n  more d e t a i l  a s  f o l l o w s :  t h e  d i s t i n c t i o n  h o l d s  good o n ly  f o r  t r i ­
a l k y l a t e d  a z o p y r r o l e s  made w i t h  d i a z o b e n z e n e - p - s u l p h o n i c  a c i d .  
J L - a z o t r i a l k y l a t e d  p y r r o l e s  a r e  u n s t a b l e  and change  on e x p o su re  t o  a i r  
and l i g h t .  They a r e  d i f f i c u l t  t o  r e o r y s t a l l i s e .  They do n o t  change
a p p r e c i a b l y  i n  c o l o u r ,  a s  c o n t r a s t e d  w i t h  the  ^ 3 - a z o - d e r i v a t i v e s ,  i n  
c o n t a c t  w i t h  a c i d s .  They a r e  f u r t h e r  c h a r a c t e r i s e d  by th e  f o l l o w i n g  t e s t .  
When a  sodium h y d r o x id e  s o l u t i o n  o f  a n  d l - a z o - d e r i v a t i v e  i s  p o u re d  on 
f i l t e r  p a p e r  and to u c h e d  w i t h  a  d ro p  o f  d i a z o t i s e d  n i t r a n i l i n e ,  t h e  
m a r g in s  o f  t h e  d r o p  become p u r p l e - r e d  and th e  whole s u r f a c e  c o v e r e d  by 
i t  becomes b lu e  a f t e r  a  s h o r t  t im e .  T h is  r e a c t i o n  has  b e e n  o b t a i n e d  w i t h  
o t h e r  d iazo -com pounds  b u t  i t  t h e n  a p p e a r s  more s l o w l y  and  i s  n o t  so marked.  
f t  - a z o - t r i a l k y l a t e d  p y r r o l e s  a r e  on  th e  o t h e r  hand s t a b l e  and  e a s i l y  
r e c r y s t a l l i z e d .  They change  to  r e d  w i t h  a c i d s  and  do n o t  g iv e  th e  
r e a c t i o n  above d e s c r i b e d  w i t h  d i a z o t i s e d  n i t r a n i l i n e .
K uster [ l 9 2 2 , l j  has confirm ed th e se  o b s e r v a t io n s  on the d i s t i n c t i o n  
o f  JL-and ^ - d e r i v a t i v e s .  Thus he found t h a t  the dye formed w ith  
diazobenzene-p -B ilphonic  a c id  from £ : 4 - d im e th y l -3 - oarb eth o xyp y rro le  be­
haved a s  an J [ -d e r iv a t iv e  and t h a t  from 2 : 4 - d im e t h y l - 5 - a c e t y l  p y rro le  a s  
a (2-d e r i v a t i v e .
The a z o - d e r iv a t iv e  o f  haemopyrrole has been d e sc r ib ed  by H .F isc h e r
and B a r th o lo m a u s  j i ^ l l - ’ l ^ J  a s  an  o r a n g e - y e l l o w  s u b s t a n c e ,
CqH_JCT.N-C.H,. SO„H, hard ly  a f f e c t e d  by c o n ta c t  w ith  a c id .  I t  behaves a s  o 12 2 6 4 o
an J l - a z o - t r i a l k y l a t e d  p y r r o le  ^H .F ischer and Bartholom aus, 1 9 1 2 ,gj .
a s .
The f o r m a t i o n  o f  t h i s  dye was m en t io n ed  by W i l l s t & t t e r  and  A s a h in a
C r y p t o p y r r o l e  l i k e w i s e  g i v e s  a  b e a u t i f u l  c r y s t a l l i n e  ^L-azo-dye 
o f  t h e  same e m p i r i c a l  c o m p o s i t i o n  ji. F i s c h e r  and  B a r th o lo m a u s ,  1912 ,4^  • 
H a e m o p y r r o l e - c a r b o n ic  a c i d , f o r m e r l y  c a l l e d  p h o n o p y r r o l e - c a r b o n i c  a c i d ,  
g i v e s  a  y e l l o w - r e d  t o  o range  dye o f  t h e  j L - s e r i e s ;  y e t  i t s  d i s t i l l a t i o n  
p r o d u c t  i s  n o t , a s  e x p e c t e d , h a e m o p y r r o l e , which a s  we have se en  g i v e s  
a n  oL-azo-dye , b u t ,  t h r o u g h  a  s h i f t  o f  th e  e t h y l - g r o u p  from th e  / ? - t o  
o L - p o s i t i o n ,  i s  2 - e t h y l - 4 : 5 - d i m e t h y l p y r r o l e , s i n c e  i t  fo rm s  an  a z o -  
d e r i v a t i v e  o f  t h e / 3 - s e r i e s  | h . F i s c h e r  and  B a r t h o l o m a u s , 1912,21  .
B enary  and S i lb e rm a n n  1913.  formed from 3 - h y d r o x y - 4 - c a r b e t h o x y ~
5 - m e t h y l p y r r o l e  th e  2 - b e n z e n a z o - d e r i v a t i v e ,  w h ich  t h e y  o b s e r v e d  g i v e s  
a  r e d  c o l o u r  w i t h  f e r r i c  c h l o r i d e ,  and  t h u s  r e t a i n s  t h e  OH-group and 
i s  a n  azo-com pound.  H . F i s c h e r  and  Herrmann jl92£^| a l s o  p r e p a r e d  from 
t h i s  compound d e r i v a t i v e s  w i t h  d i a z o t i s e d  p - d i c h l o r o a n i l i n e , p - n i t r a n i l i n e ? 
and s u l p h a n i l i c  a c i d .  These a l l  form y e l l o w  c r y s t a l s .
P h y l l o p y r r o l e  and  P h y l l o p y r r o l e - c a r b o n i c  a c i d  do n o t  r e a c t  w i t h  d i a z o -  
compounds. f i r m  s t a t t e r  a n d  A s a h i n a ,  1911 ; H. F i s c h e r  and  B a r th o lo m au s ,
i n v e s t i g a t e d  by them.
T e t r a s u b s t i t u t e d  P y r r o l e s .
1 9 1 2 , 3 |  . A f r e e  OH-group i n  th e  p y r r o l e  r i n g  i s  n e c e s s a r y  f o r  c o u p l i n g ,  
and th e  o n ly  t e t r a - C - s u b s t i t u t e d  p r o d u c t s  w hich  w i l l  form azo-com pounds  
a r e  t h o s e  c o n t a i n i n g  a  c a r b o x y l  g r o u p ,  w hich  i s  e l i m i n a t e d  i n  th e  p r o c e s s
r  *-i ofc
o f  c o u p l i n g ,  fj . F i s c h e r  an d  E o t h w e i l e r  Jl 9S3J f i n d  t h a t  £ : 4 - d im e th y 1 - 3 -  
a c e t y l - 5 - o a r b o n i c  a c i d  c o u p l e s  w i t h  d i a z o b e n z e n e - s u l p h o n i c  a c i d  i n  a l k a l i n e  
s o l u t i o n  w i t h  t h e  f o r m a t i o n  o f  a  y e l l o w  c o l o u r  and  e v o l u t i o n  o f  OOg, w h ich  
was c o n s p i c u o u s  when th e  c o u p l i n g  m ix t u r e  was a c i d i f i e d .  The s u b s t a n c e  
i s  i d e n t i c a l  w i t h  t h a t  p r e v i o u s l y  o b t a i n e d  from 2 : 4 - d i m e t h y l - 3 - a c e t y l p y r r o l e  
by  H. F i s c h e r  and  B a r th o lo m a u s  J l9 1 1 - 1 2 j  . COg i s  e l i m i n a t e d  e v en  i n  
a c e t i c  a c i d  s o l u t i o n  when d i a z o t i s e d  p - n i t r a n i l i n e  i s  u s e d  a s  c o u p l i n g  
a g e n t .  The c o r r e s p o n d i n g  e s t e r  d oes  n o t  c o u p l e .
N - S u b s t i t u t e d  P y r r o l e s .
F h o t i n s k y  and S o l o w e i t s o h l k  [ l909 j  showed t h a t  1 - p h e n y l p y r r o l e  c o u p le s  
i n  g l a c i a l  a c e t i c  a c i d  w i t h  d i a z o t i s e d  s u l p h a n i l i c  a c i d  t o  form 1 - p h e n y l -  
2 - p - s u l p h o b e n z e a z o p y r r o l e .  T h is  i s  a  s t a b l e  compound fo rm ing  a  g o l d e n  
y e l lo w  sodium s a l t .  The c o r r e s p o n d i n g  d i a z o t i s e d  b e n z i d i n e  d e r i v a t i v e  
i s  u n s t a b l e .
From t h e  f i n d i n g  H. F i s c h e r  and B a r th o lo m a u s  1 9 1 1 -* 1 2 .  t h a t  
1 - p h e n y l - 2• 5 - d i m e t h y l p y r r o l e - 3 - o a r b o n i o  a c i d  ( s t i l l  c o n t a i n i n g  a fr e a
a s .
CH-group) d id  not c o u p le  w ith  d ia z o b e n z e n e -p -su lp h o n ic  a c id  i t  was 
thought th a t  a f r e e  imino-H in  th e  p y r r o le  r in g  was a n e c e s s a r y  
c o n d i t io n  fo r  c o u p l in g ,  but th e y  l a t e r  showed £h. F is c h e r  and 
Bartholom aus, 1 9 1 2 .5 ]  t h a t  1 : 2 : 5 - tr im e th y lp y r r o le  and l - e t h y l - 2 : 5 -  
d im eth y lp y rro le  couple  sm oothly  t o  form m onoazo-dyes o f  th e  c o m p o s it io n
G13H15°3N3S aili resPect iVQly. that also l-phenyl-2:5-
dimethylpyrrole readily couples to give a red colour, though the product 
was not isolated.
R e ic h s t e in  ^L927j has d e sc r ib e d  a z o - d e r i v a t iv e s  prepared from 
N -m e th y lp y r r o le , N -iso a m y lp y rro le  and N - b u ty lp y r r o le .
Conjugated P y r r o le s .
I t  i s  o f  i n t e r e s t  to  n o te  th a t  th e  compound:
CpHrO.OC.C C-----  0 -C   C.C0.0CoHc
i i  i  i
CHa.C CH H.C C.CHi?
\ /  V/
m  n r
c o u p le s  e a s i l y  w ith  d ia z o b e n z e n e -p -su lp h o n ic  a c id  to  form a b e a u t i f u l  
c r y s t a l l i n e  a zo -d ye  Jh . F is c h e r  and Loy, 192sJ . The same workers  
have shown t h a t  th e  compound;
H&.
SgHgO.OC.C =  O.OH CgHgOOC.C ■ =  O.CHg
CH„.C C = =  C H  - C  =  C '
2 ^  /  <5h,
N 4
n.g6h4 .ghs
cou p les  w ith  d ia z o b e n z e n e -p -su lp h o n ic  a c id  a s  a r e s u l t  o f  h y d r o ly s i s  
and r e l e a s e  o f  a f r e e  CH- group,





These w i l l  be c o n s id e r e d  in  r e l a t i o n  to th e  form ation  o f  azo-compounds  
by b i l i r u b i n .
ADDENDUM
The w r i t e r ’ s e x p e r im en ta l  o b s e r v a t io n s  have been c o n f in e d  to  the  
b eh av iou r  o f  p y r r o le  w ith  E h r l io h ' s  diazo-*reagent (see. pc « 5 5 ^  «
Prom an a l o o h o l i c  s o l u t i o n  o f  p y r r o le  (zahlbaum^ c o n ta in in g  2 mg. 
per cc.^ 1 o o .  p o r t io n s  were put in  th r e e  tu b e s ,  A, B and C. To A was 
added a l i t t l e  powdered sodium a c e t a t e  and to  B a l i t t l e  dry sodium  
carbonate*  0 .5  c o .  o f  the  d ia z o -r e a g e n t  was then  added to  eaoh tu b e ,
A and B b e in g  shaken to  d i s s o l v e  the s o l i d  su b s ta n c e s .  In  A th ere  was 
the immediate appearance o f  a y e l lo w  c o lo u r  which remained unchanged  
f o r  s e v e r a l  hours . In  B the  c o lo u r  d eve lo p ed  from y e l lo w  to  orange
a.7
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and a f t e r  s e v e r a l  hours to  a d i r t y  red . In CL the c o lo u r  d eve lop ed
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from y e l lo w  to  orange , to  r e d , and a f t e r  s e v e r a l  hours to  a deep  
permanganate c o lo u r  seen  b e t t e r  a f t e r  d i l u t i o n  w ith  w a te r •
In tu b es  A and B th e  c o n d i t io n s  fo r  the  r e a c t io n  corresp on d  to  
th o se  adopted by 0 .  F is c h e r  and Hepp, (e x c e p t  th a t  th e r e  i s  an e x c e s s  
o f  d ia z o  compound in  both  c a s e s ) ,  and the  y e l lo w  and red c o lo u r s  ob­
ta in e d  undoubtedly  correspond  to  the  mono- and b is a z o -  compounds d es­
c r ib e d  by th e se  w orkers . The development o f  a deep pu rp le  c o lo u r  in  
tube G was unexpected* The c o lo u r  i s  so much more b lu e  and more in t e n s e
than th a t  o b ta in ed  in  tube B t h a t  one i s  tempted to  hazard th e  o p in io n
lm- a.
th a t  p y r r o le  under tn eg e-cn m d lt lM lB c o u p le s  w ith  more than  two azo-  
groups*
I t  i s  a l s o  o f  i n t e r e s t  to  n ote  the  behaviou r  o f  the  above  
s o l u t i o n s  towards s tr o n g  a c id s  and a l k a l i e s .  By th e  a d d i t io n  o f  a 
la r g e  e x c e s s  o f  c o n e .s u lp h u r ic  a c id  to  A th e r e  i s  l i t t l e  change in  
c o lo u r ;  to B, e s p e c i a l l y  a t  the orange s t a g e ,  a marked deepening o f  
c o lo u r  to  r e d . T his co rresp on d s w ith  the  f in d in g s  o f  F is c h e r  and Hepp 
when u s in g  aqueous or a l c o h o l i c  s o l u t i o n s  o f  the mono- and b isa zo *  
oompounds. I t  may be noted  th a t  th e  changes in  c o lo u r  o f  the  b is a z o -
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compound to  a d ir t y  green  w ith  oo n C .h yd roch lor ic  a c id  and to  a b lu e  
w ith  c o n e ,s u lp h u r ic  a c id  are o b ta in a b le  on ly  w ith  dry c r y s t a l l i n e  
m a t e r ia l .  The o o lo u r  in  tube 0 was l i t t l e  a f f e c t e d  by s tron g  a c i d  
or a l k a l i .  The behaviou r  o f  th e s e  compounds in  aqueous a l c o h o l i c  
s o l u t i o n  towards s tr o n g  a c id s  and a l k a l i e s  th u s d i f f e r s  markedly  
from th e  behaviou r  o f  a z o b i l i r u b in  towards the same r e a g e n t s .
I t  was a l s o  c o n s id er ed  d e s ir a b le  to  determ ine the  s e n s i t i v i t y  
o f  the  r e a c t io n  u s in g  1 c c .  o f  p y r r o le  s o l u t i o n  and 0 .5  c c .  o f  dij^azo-  
r e a g e n t ,  a s  in  tube C above . Thus i t  was found th a t  w ith  0 .£  mg. o f  
p y r r o le , t h e  p u r p l is h  red  o o lo u r  d eve lop ed  v e ry  s lo w ly  a t  room temper­
a t u r e ,  but q u i te  q u ic k ly  on th e  a p p l i c a t i o n  o f  h e a t .  With 0*02 mg. 
o f  p y r r o le  o n ly  an o r a n g e -y e l lo w  o o lo u r  was o b ta in e d ,  even  on h e a t in g ,  
and v a r io u s  m o d i f i c a t io n s  o f  th e  t e s t  f a i l e d  to  improve the  c o lo u r .  
With 0 .0 0 2  mg. o f  p y r r o le ,  and even  w ith  h a l f  t h i s  amount^a p ercep ­
t i b l e  y e l lo w  o o lo u r  i s  o b ta in e d .  The t e s t  i s  th u s  s e n s i t i v e  to  a 
d i l u t i o n  o f  over 1 in  a m i l l io n *
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CONCLUSIONS
When cou p led  in  a c id  s o l u t i o n  w ith  diazo-compounds p y r r o le  forms
m o n o a z o -d e r iv a t iv e s  and in  a l k a l i n e  s o l u t i o n  t i s a z o -  d e r i v a t i v e s .
The l a t t e r  are  more h ig h ly  c o lo u re d  than the m o n o a z o -d e r iv a t iv e s ,
and t h e i r  s o l u t i o n s  beoome red in  c o n ta c t  w ith  a c id ,  whereas s o l u t i o n s
o f  the  m o n o a z o -d e r iv a t iv e s  remain p r a c t i c a l l y  unchanged w ith  a c id .
The ^ - p o s i t i o n  i s  occu p ied  by the azo-group  in  p r e fe r e n c e  to  the
> ■
fl ^p - p o s i t i o n ,  when both are open. / I t  i s  su g g e s te d  th a t  p y r r o le  
combines under c e r t a i n  c o n d i t io n s  in  a c id  s o l u t i o n  w ith  more than  
one a z o -  group.
A fr e e  CH- group in  th e  p y r r o le  r in g  i s  a p r e r e q u is i t e  f o r  
the fo rm atio n  o f  an a z o - d e r iv a t iv e  a lth o u g h  a t e t r a - C - s u b s t i t u t e d  
p y r r o le  may cou p le  w ith  diazo-compounds under c e r t a i n  c o n d i t io n s  
pro v id ed  one o f  the s u b s t i t u e n t s  i s  a COOH- group . COg i s  removed 
from such a r a d ic a l  most r e a d i l y  by c o u p lin g  i n  a l k a l i n e  s o l u t i o n ,  
but a l s o  by c e r t a i n  diazo-compounds in  a c id  s o l u t i o n .
There i s  y e t  doubt a s  to  w h e t h e r - m o n o s u b s t i t u t e d  or/?:/^- 
d i s u b s t i t u t e d  p y r r o le s  fiMm mono- or b i s a z o - d e r i v a t i v e s ,  or b o th ,  
when cou p led  in  a o id  s o l u t i o n .  ^ -m o n o s u b s t i tu te d  andX’-^ d is u b s t i t u t e d
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p y r r o le s  cou p led  under th e  same c o n d i t io n s  form m o n o a z o -d e r iv a t iv e s .  
Jsj-azo- t r i a l k y l a t e d  p y r r o le s  are d i s t in g u i s h a b le  from / 5 - a z o - t r i -  
a lk y la t e d  p y r r o le s  in  t h e i r  behaviour towards a c id s ,  and towards  
d i a z o t i s e d  - p - n i t r a n i l i n e .
N - a lk y l -  or a r y l - s u b s t i t u t e d  p y r r o le s  form a zo -  compounds 
provided  th ere  i s  a f r e e  CH- group i n  the p y r r o le  r in g .  In t h i s  
r e s p e c t  the p y r r o le  r in g  d i f f e r s  from the g l y o x a l i n e  r in g  to  be 
d is c u s s e d  l a t e r .  There i s  no e v id e n c e  th a t  N -a z o p y r r o le s  a re  e v e r  
formed*
THE ACTION OF DIAZO-COMPOUNDS ON BILIHUBIfl 
E h r l io h  | l 8 8 g , j ]  found th a t  a dark c o lo u r  appeared on the  
a d d i t io n  o f  d i a z o t i s e d  s u lp h a n i l io  a c id  to  u r in e  c o n ta in in g  
b i l e  p igm ents and l a t e r  in  the  same yea r  he I^Ehrlich, 1 8 8 3 ,gj 
determ ined th a t  b i l i r u b i n  was the r e a c t iv e  su b sta n ce  p resen t#
Chemical
The f i r s t  c r y s t a l l i n e  product o f  th e  r e a c t io n  o f  b i l i r u b i n  
and a diazo~oompound was prepared by P rosoher [x90o]• To a  
o h lo r o fo r m -a lc o h o l  s o l u t i o n  o f  b i l i r u b i n , s t r o n g l y  a c i d i f i e d  
w ith  h yd rooh lor io  a c id ,a n  a l c o h o l i c  s o l u t i o n  o f  d i a z o t i s e d  
ami'no-acetophenone was added u n t i l  no fu r th e r  b lu e  o o lo u r  de­
veloped# E x c e s s  o f  w a te r ,  s t r o n g ly  a c i d i f i e d  w ith  h y d r o c h lo r ic  
a c id ,  was th en  added to  the r e a c t io n  m ixture# The ch loro form  
la y e r  c a r r ie d  out a l l  the azo -d ye  a s  a b lu e  s o l u t i o n .  On washing  
t h i s  w i th  w a te r ,  the c o lo u r  changed to  r e d , w ith  the  removal o f  
the  acid#  The dry ch loroform  s o l u t i o n  on e v a p o r a t io n  y i e ld e d  
m icroso op io  p r ism a tio  n e e d le s#  The a n a l y s i s  y i e ld e d  the e m p ir ic a l  
form ula C24^25^ 4P  4* regarded by Prosoher a s  a compound o f  1 
m oleou le  o f  b i l i r u b i n  w ith  1 m o lecu le  o f  d iazoacetophenone#  How
32.
th a t  I t  i s  agreed  Jh .F i s c h e r ,  1915; K iister 1917^ th a t  the  e m p ir ic a l  form ula
fo r  b i l i r u b i n  i s  G„C,H<2Z.NJ|0/. in s te a d  o f  the S ta e d e le r  formula C, ^H, 0„ or
go 36 4 6 16 18 2 3
0- we have fo r  ace to p h en o n em o n o a zo -b il iru b in  the formula  36 4 6
C33H35N4°6  (C^H^NgO) and fo r  a c e t o p h e n o n e h is a z o -b i l ir u b in ,  C3 3 Hg4 ^4 ° 6 
(GgH^NgOlg,^it i s  c l e a r  th a t  P r o s c h e r 's  product was the bisazo-com pound and 
not the  monoazo. O rndorff and Teeple  | l9 0 5 ]  have d e sc r ib e d  both  
acetophenonem onoazo- and a c e to p h e n o n e b is a z o -b i l ir u b in la n d  found the b i s a z o -  
compound to  a g r ee  in  a n a l y s i s  and p r o p e r t ie s  w ith  the  compound d e s c r ib e d  
by P rosoh er .
H .F isc h e r  and B arrenscheen  j l9 2 lj  have confirm ed the f in d in g s  o f  
O rndorff and T e e p le ,  th a t  mono- and bisazo-com pounds are a lw ays formed 
t o g e th e r  w hatever  changes are made in  the c o n d i t io n s  o f  c o u p l in g .  With an  
e x c e s s  o f  diazo-compound some m o n o a zo -d er iv a t iv e  i s  formed and w ith  one 
e q u iv a le n t  o f  diazo-compound some b i s a z o - d e r iv a t i v e  i s  formed. Moreover 
the r e a c t i o n  i s  n ev er  q u i te  com plete a s  some uncoupled  b i l i r u b i n  was a lw ays  
r e c o v e r a b le .  The r e a c t io n  o f  the  c o u p l in g  medium was a l t e r e d  from s t r o n g ly  
a c id  to  0 .1  normal sodium hydroxide w ith  a p p a r e n t ly  th e  same f i n d in g s .
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Mono- and b is a z o -  d e r iv a t i v e s  o f  b i l i r u b i n  have been prepared  
by th e  use o f  acetophenonediazonium  c h lo r id e  Jprosoher, 1900;
O rndorff and T e e p le t 1905^  tribrom obenzenediazonium  a c id  su lp h a te  
[orn d orff  and T e ep le ,1 9 0 5 ja n d  benzenediazonium  c h lo r id e  |h . F is c h e r  
and Barrensoheen 192 lj  * The l a s t  workers a l s o  d e s c r ib e  th e  
c r y s t a l l i n e  barium bisazo-oompound prepared m ith  d ia z o b e n z en e-p -  
su lp h on io  a c id *
A cetop h en on em on oazo-b iliru b in  has n o t been o b ta in ed  in  o r y s t a l l i n e  
form. I t  i s  n e a r ly  in s o lu b le  in  ch loroform  and carbon d i s u lp h id e .
I t s  a lo o h o l i c  s o l u t i o n  i s  red, and tu r n s  b lu i s h  g r ee n  w ith  a l k a l i e s .
In c o n c e n tr a te d  h y d r o c h lo r ic  a c id  i t  i s  deep p u r p le .  I t s  s o l u t i o n s  
in  a c id s  or a l k a l i e s  show no a b s o r p t io n  band.
Tribromobenzenemonoazo-b i l i r u b  in  has not been  o b ta in ed  i n  c r y s t a l l i n e  
form. I t  i s  in s o lu b le  i n  e t h y l  a c e t a t e  and carbon d is u lp h id e  and 
n e a r ly  in s o lu b le  in  ch loro form . In a c id s  and a l k a l i e s  i t s  s o l u t i o n s  
are  predom inantly  red  and show no a b s o r p t io n  band. I t  i s  in s o lu b le  
in  potassium  c a r b o n a te •
Benzenemonoaz o-b i l i r u b  in  c r y s t a l l i s e s  in  sm all red-brown p r ism s,
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in s o lu b le  in  water* d i l u t e  a o id s  and s tr o n g  a l k a l i e s .  I t  i s  
e a s i l y  s o lu b le  in  ammonia w ith  a brown-red oolour*
is
A c e to p h e n o n e b is a z o -b i l ir u b in  o b ta in ed  from ch lo ro fo rm  s o l u t i o n  in1 ™ ■ ■ l> I I ■■■ I ■■ ft
m icrosoop io  p r is m a t ic  n e e d le s  w ith  a red  l u s t r e  in  r e f l e o t e d  l i g h t *  
I t  i s  s l i g h t l y  s o lu b le  in  carbon d is u lp h id e  and e a s i l y  s o lu b le  in  
a lc o h o l*  I t  d i s s o l v e s  in  a l k a l i e s  forming a c l e a r  b lu e  s o l u t i o n  
which g r a d u a l ly  changes to  g reen  then  f i n a l l y  becomes o o lo u r le s s *  
N eu tra l  and a c e t i o  a c id  s o l u t i o n s  are  red  and h y d ro c h lo r ic  and 
su lp h u r ic  a c id  s o l u t i o n s  are  pu rp le  or b lu e  depending on th e  
amount o f  a c id  and pigment p resen t*  P roscher  n o t e s  the s i m i l a r i t y  
o f  the behaviour o f  safran^ne and s u g g e s t s  th a t  the  red s o l u t i o n  
i s  the m ono-acid ,and  the  b lu e  the  d i a o i d - s o l u t i o n  o f  the dyey ««). 
The s p e c t r a l  hands record ed  by P rosoher  (from Formanekf s  o b ser ­
v a t io n s )  agree  v e r y  c l o s e l y  w ith  th o se  found by O rndorff and
Teeple* The p o s i t i o n s  o f  maximum a b s o r p t io n  are g i v e n : -
Formanek* O rndorff and Teeple
it  n*
In  a lc o h o l*  S -  524*9 522
In a lo o h o l i c  h y d r o c h lo r ic 561*4 -  525*8 £ bands w ith  l i g h t  space
ac id *  A *  betw een a t  539
In a l o o h o l i c  po tass iu m  h~ 643*1 639
hydroxide*
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T rib ro m o b en zen e ts isa zo -b il iru b in  c r y s t a l l i s e s  from g l a c i a l  a c e t i c  
a c id  in  la r g e  w e l l  formed r o s e t t e s *  a lm ost  b la c k  in  o o lo u r  w ith  
a bronzy l u s t r e .  I t  i s  s o lu b le  in  carbon d i s u lp h id e ,  e t h y l a o e t a t e ,  
o h lo ro fo rm 7and a lc o h o l*  but d i s s o l v e s  in  a l k a l i e s  and in  a c id s  
w ith  b lu is h -p u r p le  c o lo u r s .  N eu tra l or ammoniacal s o l u t i o n s  are  
red  and show no a b s o r p t io n  band, but in  a l c o h o l i c  p o ta ss iu m  
hydroxide s o l u t i o n  th e r e  i s  a w e l l  d e f in e d  band in  the r e g io n
\  = 606-536uu and in  a l c o h o l i c  h y d ro ch lo r io  a c id  s o l u t i o n  a sm ila r* \
band  a t ^ 5 7 3 .5 -4 9 5 .5
Benzene^J>1 s a z o - b i l i r u b i n  forms m oh oo lin io  dark red  c r y s t a l s  w ith  
a m e t a l l i c  l u s t r e .  They are  in s o lu b le  in  water* d i l u t e  a c i d s ,o r  
str o n g  a l k a l i e s , b u t  s o lu b le  in  h y d r o c h lo r ic  a c id  w ith  a b lu e -  
v i o l e t  o o lo u r ,  and in  a c e t i c  a c id  and d i l u t e  sodium hydroxide  w ith  
a r e d - v i o l e t  oo lour*  The su b stan ce  i s  e a s i l y  s o lu b le  in  ammonia 
w ith  a b e a u t i f u l  v i o l e t  o o lo u r .
p -su lph obenzen e  b i e a z o - b i l i r u b  i n . A c r y s t a l l i n e  barium s a l t  d es­
c r ib e d  by F iso h e r  and B arrensoheen | l9 2 l]  a g reed  in  a n a l y s i s  more 
c l o s e l y  w ith  t h i s  compound than w ith  the  corresp o n d in g  monoazo*
p r o d u ct .  The f r e e  base* presumably contam inated  w ith  the monoazo-
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dye i s  d e sc r ib e d  by th e se  workers a s  having a g r ee n  f lu o r e s c e n c e ,  
i s  e a s i l y  s o lu b le  i n  w a te r ,  amyl a l c o h o l ?and p y r id in e ?and in s o lu b le  
in  d i l u t e  a c e t i o  a c id  and e t h y l  a c e ta te *  I t s  s o l u t i o n  i n  p y r id in e  
a b so rb s  from the  g r e e n .
CONCLUSIONS TO CHEMICAL 
We may thus conclu de  th a t  b i l i r u b i n  forms w ith  diazo-com pounds  
in  an a c id  c o u p lin g  medium both  monoazo- and k is a z o -  dyes* The 
l a t t e r  are  the more r e a d i ly  prepared in  c r y s t a l l i n e  c o n d i t io n  
and form the g r e a te r  part o f  the mixed r e a c t io n  product*
The method o f  c o u p l in g  o f  b i l i r u b i n  w ith  diazo-com pounds  
s t i l l  rem ains o b scu re . The fo r m u la t io n s  o f  the  b i l i r u b i n  m olecu le  
s u g g e s te d  by K uster and^fpischer have no fr e e  methene g ro u p s ,  
n e c e s s a r y  in  a p y r r o le  which may form an a z o - d e r iv a t iv e *  These 
fo rm u la t io n s  are  p a r t ly  based  on th e  f a c t  ^Kuster, 1915| th a t  
b i l i r u b i n  g i v e s  a n e g a t iv e  t e s t  w ith  E h r l i c h ' s  a ldehyde  rea g en t  
^ d im eth y lam in ob en za ld eh yd e^ b u t i t  may be q u e s t io n e d  i f  such a  
n e g a t iv e  t e s t  i s  s tr o n g e r  ev id en ce  fo r  th e  absence  o f ,  than a 
p o s i t i v e  d i a z o - t e s t  i s  f o r  the p resen ce  o f  a f r e e  methene group.
3S.
The p o s s i b i l i t y  o f  c o u p lin g  through an u n sa tu ra te d  s id e - o h a in
appears to  be e x c lu d ed , from the  f a c t  th a t  m e s o b i l ir u b in  w ith
s a tu r a te d  s id e - c h a in s  forms a kisazo-oom pound s im i la r  to  th a t  
/from b i l i r u b i n  (w* u ro b il in o g en ^  y .It  i s  p o s s ib l e  t h a t  a
f r e e  methene group may be exposed  in  the manner o u t l in e d  a t  the  
end o f  the ch a p ter  on p y r r o le s ,  but th ere  can be no com plete  
s p l i t t i n g  o f  the  b i l i r u b i n  m o lecu le  a s  ev id en ce d  by the com posi­
t i o n  and m o lecu lar  w e ig h ts  o f  th e  a z o -p r o d u c ts .  The a p p a r e n t ly  
s im i la r  behaviour o f  o p so p y rro le  and b i l i r u b i n  towards d ia z o -  
compounds i s  s u g g e s t iv e  but a w a it s  fu r th e r  i n v e s t i g a t i o n .  There 
i s  no rea so n  to  b e l i e v e  th a t  b i l i r u b i n  forms im ino-azo-oom pounds.
2>9
PHYSIOLOGICAL
There i s  no record  o f  E h r l i c h ' s  having t e s t e d  b lood  serum but he 
n o t e s  [ i lh r l ic h ,  1886] th a t  by means o f  the d i a z o - t e s t  b i l i r u b i n  was 
found to  be p r e se n t  in  a l l  p l e u r i t i c  e x u d a te s  t e s t e d *  Upon t h i s  he 
has the comment, i n t e r e s t i n g  in  th e  l i g h t  o f  modern know ledge, "Es 
e r k la r t  s io h  der B i l i r u b i n g e h a l t ,  den io h  a u f  d ie s e  Weise n achw eisen  
k o n n te ,  wohl am Ungezwungensten in  der W eise, d ass  s i c h  eben in  
jedem e n tz u n d lic h e n  Exsudate ro th e  B lu tk orp erch en  b e f in d e n  und in  
ihm f o r t  und f o r t  u n ter  B ildung von B i l i r u b in  z e r s t o r t  werden. ^The 
b i l i r u b i n  o o n te n t  which I dem onstrated  in  t h i s  way, ^expla ine i idbseM  
in  th e  most n a tu r a l  way in  th a t  red b lood  c e l l s  are  p r e s e n t  i n  ev ery  
inflam m atory exudate  and are  broken down in  i t  c o n t i n u a l l y  w ith  th e  
form ation  o f  b i l i r u b i n ^ .  As n o ted  by MoNee J2.922-23], Minkowski and 
Uaunyn in  1886 hy_jtfaflL f r i n d l n g 3 og~ removing- the  l ivera-from ^ gew agv  
brought to  prominence the  v iew  th a t  b i l i r u b i n  fo rm ation  i s  e x c l u s i v e l y  
a h e p a t ic  f u n c t io n .  I t  i s  i n t e r e s t i n g  th a t  the  stu dy  o f  the a c t i o n  
o f  b i l i r u b i n  on the  d ia z o -r e a g e n t s  in  the  hands o f  van den Bergh  
sh ou ld  have been one o f  the main f a c t o r s  in  th e  shaping  o f  the modern 
v iew  th a t  th e  l i v e r  i s  not the s o l e  s e a t  o f  b i l i r u b i n  fo rm a tio n .
In d eed ,th ere  i s  no s i g n i f i c a n t  c o n t r ib u t io n  on the p h y s i o l o g i c a l  
a sp e c ts  o f  th e  b i l i r u b i n  d i a z o - t e s t  from E h r l i c h ' s  paper t i l l  the  
advent o f  van den B ergh’ s methods in  1913 , w ith  th e  e x c e p t io n  o f  
Prose h e r ' s  paper in  19 0 1 . P rosoher, [1901], who had p r e v io u s ly  
prepared a c r y s t a l l i n e  a z o - d e r iv a t iv e  o f  b i l i r u b i n  ^Prosoher, 1900  
p o in ted  to  the  sh a rp n ess  and beauty  o f  th e  t e s t  but ob served  t h a t  
d e sp ite  t h i s ,  i t  had been  l i t t l e  used fo r  c l i n i c a l  p u r p o se s .  
Prc>scher c o n f in e d  h i s  a t t e n t i o n  m ain ly  to  the t e s t  in  u r in e ,  and 
merely m entioned  th a t  b i l i r u b i n  may be t e s t e d  fo r  in  serum by 
p r e o ip i t a t i o n  o f  the  p r o t e in s  by a l c o h o l ,  and a d d i t io n  o f  d ia z o -  
s o lu t io n  to  the  f i l t r a t e .  To van den Bergh i s  due the  c r e d i t  o f  
f i r s t  u s in g  th e  t e s t  a s  a means o f  e s t im a t in g  b i l i r u b i n  in  b lood  
and o th er  body f l u i d s .  Van den Bergh and Snapper [l913] f i r s t  
p u b lish ed  a method fo r  the  q u a n t i t a t iv e  e s t im a t io n  o f  b i l i r u b i n  by 
which th e y  e s t a b l i s h e d  the e a r l i e r  c la im s  o f  G ilb e r t  th a t  
b i l i r u b i n  i s  p r e se n t  in  normal human serum in  sm all amount^ and 
in  r e l a t i v e l y  g r e a t  amount in  the serum o f  the  h o r se .  In the  n ext  
two y e a r s  van den Bergh and h i s  a s s o c i a t e s  p u b lish e d  a number o f  
papers in  the  "H ederl. T i jd s o h r .  voor Geneesk" m ain ly  on th e
q u es t io n  o f  e x t r a - h e p a t i c  b i l i r u b i n  fo rm atio n . In 1916 appeared  
the f i n d in g s  which have su b seq u en tly  proved o f  g r e a t e s t  im portance  
from a c l i n i c a l  a s p e c t ,a n d  which have earned f o r  the t e s t  the  
name o f  the "van den Bergh r e a c t io n " .
Van den Bergh and M uller  [ l916],w hen  t e s t i n g  b i l e ,  inad­
v e r t e n t l y  o m itte d  t o  add a lc o h o l ,a n d  found to  t h e i r  su r p r is e  th a t  
the t e s t  th u s  su cceed ed  j u s t  a s  w e l l  a s  in  the p resen ce  o f  a l c o h o l .
Yet a n e u t r a l  sodium b i l i r u b i n a t e  s o l u t i o n  would not c o u p le  i n  the  
absence o f  a l o o h o l .  On t e s t i n g  horse serum, ^the serum from p a t i e n t s  
w ith  p e r n ic io u s  anaemia and c e r t a i n  ty p e s  o f  h a em o ly tic  ja u n d ic e ^ it  
was found t h a t  a  o o lo u r  was not g iv e n  by the d ia z o -r e a g e n t  a lo n e ;  
w hereas,un der  the  same c o n d i t io n s  the  serum from p a t i e n t s  w ith  
o b s tr u c t iv e  jau n d ice  gave an immediate oo lo u r  j u s t  a s  had been  
found f o r  b i l e .  The t e s t  a s  o b ta in ed  w ith  b i l e  or w ith  serum from 
o b s t r u c t iv e  ja u n d ice  was thu s termed a d i r e c t , and th a t  g iv e n  o n ly  
in  the p r e sen ce  o f  a lo o h o l  an in d ir e c t  d la z o - r e a o t lo n . A l l  s e r a t 
o f  c o u r s e ,  which c o n ta in  b i l i r u b i n  g iv e  an in d ir e c t  r e a c t i o n ,  and 
d e ter m in a t io n s  o f  b i l i r u b i n  are  performed on p r o t e i n - f r e e  a l c o h o l i c
e x t r a c t s .  Van den Bergh and M uller  su g g e s te d  th a t  h a em o ly tic  jaun d ice
G o u ld  th u s  he d i f f e r e n t i a t e d  o l i n i c a l l y  from o b s t r u c t iv e  jau n d ice  
and p o s t u la t e d  the  e x i s t e n c e  o f  two ty p e s  o f  b i l i r u b i n .  At t h i s  
p o in t  th r e e  main d i f f e r e n c e s  were e v id e n t .  (1) D i f f e r e n c e  in  
o o u p lin g  w ith  diazo-oom pounds. (2) D i f f e r e n c e  in  a d s o r p t io n  by
•c „
p r o t e in  p r e c i p i t a t e s :  when o b s tr u c t iv e  se ra  were p r e c i p i t a t e d  by 
a lo o h o l  much o f  the b i l i r u b i n  was p r e c i p i t a t e d  w ith  i t ,  w hereas  
t h i s  was n o t  so f o r  "h aem olytic  se ra " . (3) D i f f e r e n t  speed  o f  
o x id a t io n :  serum from o b s t r u c t iv e  jaun d ice  r a p id ly  l o s t  i t s
b i l i r u b i n  on exposure  to  a i r ,  but th a t  f e e  h a em o ly tic  jau n d ice  
was v e r y  s t a b l e .  We s h a l l  r e tu r n  to  th e s e  l a t e r ,  a s  th e y  are  
im portant in  any a ttem p t to  e x p la in  the  d i r e c t  and i n d ir e c t  van  
den Bergh r e a c t i o n s .  Van den Bergh and M uller  fu r th e r  showed 
th a t  o o u p l in g  i s  promoted by the p resen ce  o f  such b i l e  a c id s  a s  
g l y o o o h o l i o ,  deh yd rooh o lio  and c h o l i c  a c i d s ,  but di6 n o t  regard  
the p resen ce  o f  g ly o o o h o l io  a c id  in  b i l e  a s  p r o v id in g  a s a t i s f a c t o r y  
e x p la n a t io n  o f  i t s  b eh a v io u r . A f te r  b i l e  i s  h ea ted  fo r  a sh o r t  
time i t  c e a s e s  t o  g iv e  a d i r e c t  r e a o t io n  but the i n d i r e c t  rem ains.
Ho s a t i s f a c t o r y  e x p la n a t io n  f o r  th e  d i f f e r e n c e  o f  b eh av iou r  w as,  
however, o b ta in e d .  They su g g es t  th a t  in  h a em o ly tic  s e r a  th e  b i l i -
rubin  i s  bound i n  suoh a manner to  p r o t e in  th a t  the com b in a tio n  
must be broken by th e  a d d i t io n  o f  a lo o h o l  b e fo r e  o o u p lin g  ta k e s  
p la c e .  In  h i s  monograph "Der G a l l e n f a r b s t o f f  im B lute"  ^ 9 1 8 ]  
van den Bergh r e v ie w s  h i s  work up to  t h i s  d a t e .
The c h i e f  b io c h e m ic a l  i n t e r e s t  in  the e x te n s iv e  o l i n i o a l  
l i t e r a t u r e  w hich has grown up s in c e  th a t  date  l i e s  in  th e  
problem o f  th e  e x i s t e n c e  o f  two ty p e s  o f  b i l i r u b i n .  The e v id e n c e  
i s  too  s tr o n g  to  admit o f  any doubt th a t  th e re  are  two suoh  
t y p e s .  Two se r a  c o n ta in in g  the same amount o f  b i l i r u b i n  may 
r e a c t  d i f f e r e n t l y .  The d i s t i n c t i o n  was f i r s t  brought to  l i g h t  
by the  f in d in g s  o f  van den Bergh and M uller  above d e s c r ib e d  but  
in  r e a l i t y  i t  h as^ lon ger  h i s t o r y .  I t  has lo n g  been  a moot p o in t  
w hether  b i l i r u b i n  prepared  from g a l l  s to n e s  i s  th e  same su b stan ce  
a s  haem ato id in  r e c o g n iz e d  by h i s t o l o g i s t s ,  and i t  has o n ly  r e c e n t l y  
been proved t h a t  th e s e  su b s ta n c e s  are  i d e n t i c a l  in  ohem ical  
c o m p o s it io n  and o r y s t a l lo g r a p h io  foray  jp isch er  and R e in d e l ,  »192g] • 
Body f l u i d s  such a s  b i l e  and serum from o b s t r u c t iv e  jau n d ice ,  
which have been regarded  a s  c o n ta in in g  b i l i r u b in ^ g iv e  th e  s o - c a l l e d
d i r e c t  t e s t  o f  van den Bergh; w h ereas ,bod y  f l u i d s  such a s  e x u d a te s ,
tr a n su d a te 8 )and haemorrhagio f l u i d s ,  th «
haem atcid ln cry  do n ot g iv e  the  d i r e c t  t e s t ,  hut cou p le
a f t e r  trea tm en t w i t h  a l c o h o l .  A ls o ,  presumably w ith o u t  a know­
led ge  o f  th e  van den Bergh d i s t i n c t i o n ,  Hoover and Blanktnhorn  
[ l916j showed th a t  " o b s tr u c t iv e  b i l i r u b in "  e a s i l y  d ia ly s e S  where­
as  "haem olytic  b i l i r u b i n "  does n o t .
We may th u s  sum up th e  ev id en ce  upon w hich the  e x i s t e n c e  
o f  two ty p e s  o f  b i l i r u b i n  depends. We may c a l l  th e s e  the  d i r e c t  
and d e la y ed  t y p e s ,  u s in g  "delayed" in  r e fe r e n c e  to  a l l  r e a c t i o n s  
which are  regarded  a s  n o n - d ir e c t ,  r a th e r  than in  th e  more r e s t r i c t e d  
o l i n i c a l  s e n s e .  ^Fhe u se  o f  i n d ir e c t  i n  o o n t r a - d i s t i n c t i o n  to  d i r e c t  
i s  c o n fu s in g  in  t h a t  both  ty p e s  o f  b i l i r u b i n ,  a s  th e y  e x i s t  i n  the  
body f l u i d s ,  c o u p le  in  p resen ce  o f  a lo o h o l ;  t h a t  i s ,  g iv e  an i n d i r e c t  
te s t j .
D ir e c t  b i l i r u b i n ,  a s  i t  occu rs  in  b i l e  or in  the  serum o f  p a t i e n t s  
w ith  o b s t r u c t iv e  J a u n d ice«
(a) r a p id ly  c o u p le s  w ith  diazo-com pounds in  an a c id  medium.
(b) i s  changed to  the d e la y ed  typ e  a f t e r  h e a t in g  fo r  a sh o r t  tim e
[▼an den B ergh?1 9 1 8 L e p e h n e ,1 9 B 0 ^ o r  a l lo w in g  to  s tan d  i n  an
o x y g e n - fr e e  atm osphere ^Newman, 1928],
(o) -aU cw ing  ta~jremain exposed to  an atmosphere c o n t a in in g
oxy gen ^  ^van den Bergh, 1 9 1 8 ^  or by th e  use  o f  very  m ild  
o x i d i s i n g  a g e n t s  [Ladrewes, 1 9 2 4 j ,  th e^ e  i s  a r e l a t i v e l y  
ra p id  o x id a t io n ^ o r  change o f  th e  pigment in  such a way t h a t  
i t  no lo n g e r  c o u p le s  under any c o n d i t io n s  w ith  d iazo-com pounds.
(d) d i a l y g e s  through a c o l l o d i o n  membrane [Hoover and Blankenhorn,
1916; Blankenhorn, 1917; B r u le ,  Garban^and Weissmann51922j^
to
c o rr esp o n d in g  adttfc the g e n e r a l  f in d in g  o f  b i l i r u b i n u r i a  i n  
o b s t r u c t iv e  ja u n d ic e ?w ith  a k id n ey  t h r e s h o ld  i n  man o f  3 -4  
u n i t s  o f  b i l i r u b i n  !pan den Bergh, 191J3J.
(e)  i s  n o t  e x t r a c t a b le  w ith  ch loro form  ^Jrunenbe rg , 1922; 
A ndrew es,1924; B o b e r ts ,1 9 2 ^ .
(f) is  r e a d i l y  adsorbed by the protein precipitated from the 
fluid by alcohol/ [van den Bergh,1918; Thannhauser and 
Andersen?192lJ •
(gl 1b not readily prepared in crystalline form.
Delayed b i l i r u b i n ,  as  I t  o ccu rs  in  haemorrhagic e x u d a te s  and in  
the serum o f  p a t i e n t s  w ith  haem olytlo  Jau n d ice .
(a) c o u p le s  s lo w ly  or n ot a t  a l l  w ith  d iazo-com pounds. A f te r  
tre a tm en t  o f  th e  f l u i d  w ith  a lc o h o l  i t  r e a c t s  a s  d i r e c t  
b i l i r u b i n .
(b) may be co n v erted  to  the d i r e c t  type on a d d i t io n  o f  a l k a l i  
in  the  proper amount [ c o l l in s o n  and Fowweather, 1916* 
Kewman, 1 9 2 8 ] ,  a lth o u g h  t h i s  i s  q u e s t io n e d  ^Roberts, 1928J .
(o) i s  l e s s  r e a d i l y  o x id i s e d  Jvan den Bergh, 1918j Andrewes^
1 9 2 4 ] .
(d) does n o t  d ia ly s e  through a c o l l o d i o n  membrane [R e fs .  a s
'- i t o
under (d), above I; co rresp on d in g  the g e n e r a l  absence
o f  b i l i r u b i n u r i a  in  haem olytio  jaundice^and a muoh h ig h er  
k id n e y  t h r e s h o ld  o f  e x c r e t i o n .
(e)  i s  e x t r a o t a b le  w ith  oh loroform  [R efs .  a s  under ( e ) ,  a b o v e ] ,
( f )  i s  n o t  adsorbed by the  p r o t e in  p r e c i p i t a t e d  from the f l u i d  
by a l o o h o l /  ^Refs. a s  under ( f ) t a b o v e ] .
(g) i s  r e a d i l y  p repared . Van den Bergh j l9 1 8 ]  has d e s c r ib e d
a s im ple  method by which b i l i r u b i n  may be prepared  in  c r y s t a l l ­
in e  form from a s  l i t t l e  a s  10 c c .  o f  b lood  serum. F is c h e r  
and R e in d e l  [ l9 2 3 ]  confirm ed th e s e  f i n d i n g s .
There have been v a r io u s  a t tem p ts  to  accou nt fo r  th e s e  
two ty p e s  o f  b i l i r u b i n .  Van den Bergh jl918] su g g e s te d  th a t  the  
delayed  type  i s  p r e se n t  in  the serum in  com b ination  w ith  p r o te in *
-tut
and^p relim inary  trea tm en t w ith  a lc o h o l  i s  n e c e s s a r y  to  e f f e c t  
d is r u p t io n  o f  the un ion  b e fo re  i t  w i l l  cou p le  w ith  d iazo-oom pounds.
The e x p e r im en ta l  e v id e n c e  a v a i la b le  on th e  s u b j e c t  i s  a g a in s t  t h i s  
view ^ [Zndrewes, 1 9 2 4 ] .  F e i g l  and Querner | l9 1 9 ]  su g g e s te d  com­
b in a t io n  w ith  a l i p o i d ,  and R osen th a l and H olzer J l9 2 l]7 from t h e i r  
g e n e r a l  f i n d in g s  o f  h y p e r c h o le s te r o la e m ia  in  o b s t r u c t iv e  jaun d ice  
and h y p o o h o le s te r o la e m ia  in  haem olytio  ja u n d ic e ,  a t t r i b u t e d  the  
d ir e c t  r e a o t io n  to  the  a c c e le r a t in g  a c t io n  o f  c h o l e s t e r o l .  Van den 
Bergh and M u ller  [ l9 16 ]  noted  the a c c e l e r a t i n g  a c t i o n  o f  b i l e  s a l t s  
on the c o u p l in g ,  a s  l a t e r  d id  Thannhauser and Andersen [ l 9 2 l ] ; but  
in  v i t r o  ex p er im en ts  o f  th e  former workers in d ic a t e d  t h a t  the  p resen ce
o f  b i l e  s a l t s  d id  n ot account fo r  the  d i r e c t  r e a c t i o n ,  and Andrewes [l924 |
u-%
has advanced some e v id en ce  a g a i n s t hl i p o i d  h y p o th e s i s .  E. A dler  
and S tr a u s s  [ l9 2 2 ] a t t r ib u t e  the d i r e c t  and d e layed  r e a c t i o n s  to  
the hydrated  or dehydrated  s t a t e  o f  the p r o t e in s  in  a s s o c i a t i o n  
w ith  the b i l i r u b i n  in  the serum ,and in s ta n c e  th e  enhancing e f f e c t
i
on the  c o lo u r  o f  such su b s ta n c es  a s  ammonium su lp h a te  and c a f f e i n -  
sodium s a l i c y l a t e .  The h y p o th e s is  o f  G o ll in s o n  and Fowweather 
[ l9 2 6 |j th a t  d i r e c t  b i l i r u b i n  i s  p r e se n t  in  the  serum probab ly  a s  
an ammonium s a l t ,  whereas d e layed  b i l i r u b i n  i s  p r e se n t  a s  th e  
fr e e  a c id  i n  a c o l l o i d a l  c o n d i t i o n ' s  c e r t a i n l y  one o f  th e  most 
s u g g e s t iv e  th a t  has been advanced, e s p e c i a l l y  i f  kept t o  the  more 
g e n e ra l  term s o f  an a l k a l i  s a l t .  Of cou rse  b i l i r u b i n  i s  a d ib a s io  
a c id  and may t h e o r e t i c a l l y  occur a s  su c h ,  or a s  the mono-or d i a l k a l i  
s a l t s .  At the  h yd ro gen -io n  c o n c e n tr a t io n  o f  b lo o d  i t  i s  most 
probably  th ere  a s  a m onoalk a li  s a l t  and the a ssu m p tion  th a t  the  
d i r e c t  type  i s  a m on oa lk a li  s a l t ,  f o r  example sodium hydrogen b i l i ­
r u b in a te ,  f i t s  p r a o t i c a l l y  a l l  o f  th e  f i n d i n g s .  The a ssu m p tion  o f  
the p resen ce  o f  c o l l o i d a l  b i l i r u b i n  to  acco u n t fo r  the d e la y ed  
ty p e ,  f i t s  e q u a l l y ^ i t s  s o l u b i l i t y  in  ch loro fo rm , i n a b i l i t y  to  
d i a l y s e ; and g r e a t e r  s t a b i l i t y  towards o x i d i s i n g  a g e n t s .  We s h a l l
examine th e s e  h y p o th e se s  in  more d e t a i l .
In c e r t a i n  endeavours to  e x p la in  the d i r e c t  and i n d ir e c t  
t e s t s  i t  has been s t a t e d  th a t  "pure b i l i r u b i n ” g i v e s  a d i r e c t  t e s t  
in  a lc o h o l  and a d e la y ed  t e s t  in  w a te r .  B i l i r u b in  i s ,  a s  a m atter  
o f  f a c t , q u i t e  in s o lu b le  in  w ater and an aqueous su sp e n s io n  shows 
no s ig n  o f  c o u p lin g  even  a f t e r  s ta n d in g  fo r  tw e lve  hours in  p resen ce  
o f  the diazo^compound. An a l c o h o l i c  su sp e n s io n  o f  b i l i r u b i n ,  w ith  
the reagen t  added}shows m erely  a tra c e  o f  a z o - b i l i r u b i n  a f t e r  
stan d in g  tw e lv e  h o u rs . I have l ik e w is e  been unable to  o b ta in  the  
semblance o f  a d i r e c t  t e s t  by adding v a ry in g  amounts o f  sodium  
h y d r o x i d e - s t i l l  m a in ta in in g  the  c o u p l in g  medium a c id .  I f ,  however, 
a very  sm a ll  q u a n t i ty  o f  b i l i r u b i n  i s  j u s t  d i s s o l v e d  in  sodium  
hydroxide and a few drops o f  6 per c e n t ,a q u e o u s  d isodium  hydrogen  
phosphate added, then  m ix ing  w ith  the d ia z o -r e a g e n t  i s  fo l lo w e d  by 
immediate c o u p l in g  in  a d e f i n i t e l y  a c id  medium. Under th e s e  c o n d i t io n s  
i t  i s  p o s s i b l e  to  d u p l ic a t e  w ith  pure b i l i r u b i n  the d i r e c t  r e a c t io n  
o b ta in a b le  in  serum. S im ila r  b u f f e r in g  system s a re  p r e s e n t  i n  serum 
and in  a l l  l i k e l i h o o d  the d i r e c t  van den Bergh r e a o t io n  i s  a t t r i b u t a b l e  
to  th e  p r e sen ce  in  the serum o f  sodium hydrogen b i l i r u b i n a t e .  T h is
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i s  in  accordance w ith  the h y p o th e s is  o f  C o l l in s o n  and Fowweather
I t  i s  l e s s  e a sy  t o  d e v is e  c o n d i t io n s  to  o b ta in  a d e la y ed  
r e a c t io n  w ith  pure b i l i r u b i n .  C o n s id e ra t io n  o f  t h i s  problem has  
l e d  th e  w r i t e r  to  b e l i e v e  th a t  th e  behaviou r  o f  d e la y ed  b i l i r u b i n  
can not be f u l l y  e x p la in e d  on the h y p o th e s is  t h a t  i t  i s  p r e se n t  
in  th e  serum sim ply  a s  c o l l o i d a l  b i l i r u b i n .  C o l lo id a l  b i l i r u b i n  
i s  presum ably q u i t e  in s o lu b le  i n  a l c o h o l ,  and th e  a d d i t io n  o f  
a lc o h o l  to  serum would not b r in g  i t  in to  s o l u t i o n .  In  s h o r t ,  we 
must suppose t h a t  th e  d e la y ed  type  o f  b i l i r u b i n  i s  in  s o l u t i o n  
in  the  serum, and even  more s e c u r e ly  in  s o l u t i o n  than the  d i r e c t  
type; a s  t h e r e  i s  some a b s o r p t io n  o f  the l a t t e r  on th e  a d d i t io n  
o f  a l c o h o l .  We must regard  the a d d i t io n  o f  a lc o h o l  t o  serum, not  
a s  a means fo r  o b ta in in g  b i l i r u b i n  in  s o l u t i o n ,  but a s  a  means 
fo r  th e  p r e c i p i t a t i o n  o f  p r o t e in  w ith o u t  p r e c i p i t a t i n g  the b i l i ­
ru b in . We may regard  a ch lo ro fo rm  s o l u t i o n  o f  b i l i r u b i n  a s  a n a lo -
w
gous to  a d e la y e d  serum. Coupling i s  a lm ost  n e g l i g i b l e  when the  
d ia z o -r e a g e n t  i s  added to  a ch loroform  s o l u t i o n  o f  b i l i r u b i n  (a 
d e la yed  r e a c t i o n ) ,  but a f t e r  th e  a d d i t io n  o f  a l c o h o l ,  we o b t a in  an  
" in d ir e c t  r e a c t io n " .  T h is  would appear a somewhat rem ote a n a lo g y ,
y e t ; when we f i n d  th a t  f o r  example, 0*1 c c .  o f  a ch loro form  s o l u t i o n  
o f  b i l i r u b i n  to  which has been added 9 .9  c c .  o f  a l c o h o l ,  th en  0 .5  c c .
o f  d ia z o - r e a g e n t ,  r e a c t s  q u a n t i t a t i v e l y  _____  « c t ± e n  , whereas
the same amount o f  b i l i r u b i n  suspended in  10 c c .  o f  a l c o h o l  g i v e s  
no c o lo u r  w ith  the r e a g e n t ,  the c o n d i t io n s  then  approach what we 
might e x p e c t  to  f in d  p h y s i o l o g ic a l ly *  The b i l i r u b i n  s o l v e n t — i t  
may be a l i p o i d  or s t e r o l — need be p r e se n t  in  r e l a t i v e l y  sm a ll  
amount to  r e t a i n  th e  b i l i r u b i n  in  s o l u t i o n  on the  a d d i t io n  o f  
a l c o h o l .  The s o lv e n t  c o n ta in in g  the  b i l i r u b i n  i s  probab ly  in s o lu b le  
in  a c id  aqueous s o l u t i o n  but s o lu b le  i n  a lc o h o l*  The a c t i o n  o f  
a lc o h o l  in  h a s te n in g  c o u p l in g  in  the  d e la y ed  serum, I sh o u ld  thus  
r eg a rd , n o t  a s  one o f  break ing  any complex o f  b i l i r u b i n  w ith
p r o te in  or o th e r  m a t e r ia l ,  b u t Na t t r i b u t a b l e  to  the mutual s o lv e n t
5Lp o t io n  o f  a l c o h o l  fo r  w ater  and b i l i r u b i n  s o l v e n t ,  and would  
regard  a ch loro form  s o l u t i o n  o f  b i l i r u b i n  a s  p r o v id in g  a crude  
model o f  a d e la y ed  serum.
On t h i s  h y p o th e s is  the b i l i r u b i n  o f  the d e la y ed  serum i s  
regarded a s  f r e e  b i l i r u b i n ,  or a t  any r a te  n o t  combined w ith  base  
a s  i s  most probab ly  the c a se  w ith  d i r e c t  b i l i r u b i n .  I t  may, o f
c o u r se ,  be in  com b ination  w ith  i t s  s o l v e n t ,  or some o th e r  serum
i
c o n s t i t u e n t  so th a t  i t  r e s i s t s  s a l t  form ation  and o x id a t io n #
I t  would not be d ia ly s a b le  but e x tr a c t a b le  w ith  oh lo ro fo rm . Such 
a h y p o th e s is  to  account fo r  the  d e la yed  type o f  b i l i r u b i n  would  
appear t o  the  w r i t e r  to  f i t  the f in d in g s  b e t t e r  than the assum p tion  
o f  the p r e sen ce  o f  c o l l o i d a l  b i l i r u b in *
We have the fu r th e r  c o n s id e r a t io n  o f  th e  r e l a t i o n s h i p  
o f  haem atoid in  to  the de layed  type o f  b i l i r u b i n .  As p r e v io u s ly  
o b serv ed , F is c h e r  and R ein d e l have proved the  ohem ica l
i d e n t i t y  o f  haem atoid in  w ith  b i l i r u b in #  Thannhauser ^1922] r e ­
p orted  t h a t  haem atoid in  d id  not ooup le  w ith  diazo-oompounds but  
F iso h e r  and R ein d e l found t h a t  in  p resen ce  o f  a l c o h o l  i t  c o u p le s  
very  s lo w ly  w ith  benzenediazonium  c h lo r id e  to  form a pigment 
s im i la r  to  th a t  from b i l i r u b i n ,b u t  on trea tm en t w ith  oh loroform  
and a l k a l i  the cou p led  p ro d u cts  show a c h a r a c t e r i s t i c  d i f f e r e n c e .
I f  b e n z e n e * a z o -b i l ir u b in  in  ohloroform  i s  shaken w ith  a l k a l i  a l l  
the d y e # o f  a b l u i s h - v i o l e t  c o lo u r ,  p a s s e s  in to  the a l k a l i n e  
aqueous l a y e r .  But benzen eazo-h aem ato id in  i s  t r e a t e d  s i m i l a r l y ,  
the  o o lo u r  ch a n ges  to  y e l lo w  and the ch loro form  la y e r  r e t a i n s  a
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weak y e l lo w  co lou r*  The y e llo w  a l k a l i n e  e x t r a c t  i s  no lo n g e r  
changed to  b lu e  w ith  acid*  I t  i s  remarkable th a t  t h i s  behav iou r  
i s  found o n ly  in  f r e s h l y  prepared haem ato id in . The dye formed 
from haem ato id in  2 -3  days o ld  behaves e x a c t l y  a s  th e  b i l i r u b i n  
a z o -d y e .  F is c h e r  and H ein d el n o te  th a t  th e s e  o b s e r v a t io n s  must 
be taken  w ith  r e s e r v e .  They have been unable  to  e lu c i d a t e  t h i s  
behaviour but su g g e s t  th a t  a primary com bination  i s  formed ana logou s  
to a diazoamino-compound, which s e c o n d a r i ly  g o e s  to  an a z o -d y e .
The behaviou r  o f  f r e s h  haem atoid in  w ith  diazo-compounds  
r e c a l l s  the  f in d in g  o f  K uster j l9 1 2 j  th a t  f r e s h l y  prepared b i l i r u b i n  
combines w ith  four  atoms o f  s i l v e r  but o ld e r  p r e p a r a t io n s  combine 
with o n ly  two atoms o f  s i l v e r .
In  t h i s  c o n n e c t io n  i t  i s  a l s o  to  be remembered th a t  the  
s tr u c tu r e  o f  b i l i r u b i n  s t i l l  remains in  s e v e r a l  r e s p e c t s  o b scu re ,  
k u s te r  j l917 j has su g g e s te d  f i v e  p o s s i b l e  formulae fo r  th e  sub­
s ta n c e .  B e s id e s  c o n ta in in g  two carb oxy l groups i t  c o n t a in s  two 
hydroxyl groups and probab ly  occu rs in  both  k e to  and e n o l  m o d if i ­
c a t i o n s .  K uster n o te s  th a t  none o f  the  formulae su g g e s te d  adm its
o f  the  fo rm a tio n  o f  e i t h e r  a mono- or b i s a z o -  compound. F is c h e r
and B arrenscheen  ^1921^ l ik e w is e  n ote  th a t  the stu d y  o f  th e  a z o -  
compounds o f  b i l i r u b i n  i s  probab ly  o f  muoh im portance in  the
its!
e lu c i d a t i o n  o f  th e  s tr u c tu r e  o f - b i l i r u b i n*
CONCLUSIONS TO PHYSIOLOGICAL
An attem p t has been made to  determ ine the  probab le  n a tu re  
o f  th e  two Kin6s o f  d ia z o -r e a o t io n  fo r  b i l i r u b i n  o b ta in a b le  in  
nefiaafczQX i c t e r i c  sera* The s o - c a l l e d  d ir e c t  r e a c t i o n  i s  most 
probably  due to  the p resen ce  o f  sodium hydrogen b i l i r u b i n a t e ,  
and th e  s o - c a l l e d  d e layed  r e a c t io n  to  th e  p resen ce  o f  f r e e  
b i l i r u b i n  in  an undeterm ined s o lv e n t  which « is  s o lu b le  i n  a l c o h o l .
THE DETERMINATION OF B IL IR U B IN  BY THE DIAZO-REAGrENTS
Van den Bergh made a standard s o l u t i o n  by d i s s o l v i n g
5 mg. o f  b i l i r u b i n  (sohuohardt') in  100 c c .  o f  oh loro form . One
o c .  o f  t h i s  s o l u t i o n  was evaporated  on the  w ater  bath  and th e
r e s id u e  ta k en  up in  10 o o .  o f  a s o l u t i o n  c o n ta in in g  3 gm. NaCl
and 0 .6  gm. NaHCO in  a l i t r e  o f  70 per c en t ,  a l c o h o l .  To t h i s
3
were added £ .5  o c .  o f  the d ia z o -r e a g e n t  made a s  fo l lo w s :
S o lu t io n  A. 1 gm. s u lp h a n i l io  a c id ,  15 o c .  cono . h y d r o c h lo r ic  
a c id ,a n d  w ater  to  one l i t r e .
S o lu t io n  B. 0 .5  per oent, sodium n i t r i t e .
The d ia z o -r e a g e n t  i s  made by ta k in g  35 o c .  o f  S o lu t io n  A 
and adding 0*75 o o .  o f  S o lu t io n  B*
N o te .  For oom plete d i a z o t i s a t i o n  25 oo . o f  S o lu t io n  A. r e q u ir e s  
£ .0  oo . o f  S o lu t io n  B* The d ia z o -r e a g e n t  here d e sc r ib e d  i s  
s u b s t a n t i a l l y  the  same a s  th a t  used  by E h r l io h  j1 8 8 3 ,2 ;  1 8 8 6 ] .  
About t w o - th ir d s  o f  the  s u lp h a n i l io  a c id  used  rem ains a s  su ch ,  
and under c e r t a i n  o o n d it io n s  some c o u p lin g  occu rs w ith  the
go
d i a z o i i s e d  su bstance  to  g-ive a brow nish—red  c o lo u r .  Suoh a 
p a r t i a l l y  d i a z o i i s e d  rea g en t  en su res  the absen ce  o f  n i t r o u s  a o id ,
in  the  p resen ce  o f  which b i l i r u b i n  i s  q u ic k ly  changed in  such a 
manner th a t  i t  no lo n g e r  c o u p le s .  T his a c t io n  o f  n i t r o u s  a c id  
may be e x p la in e d  on th e  assum ption o f  the  form ation  o f  oxiCVne 
o f  a p y r r o le  group Ijiischer  and R ose , 1912J, or by an o x i d i s i n g  
a c t i o n  s im i la r  to  t h a t  d is p la y e d  by n i t r o u s  a c id  in  th e  Grmelin t e s t i
As the  b i l i r u b i n  s o l u t i o n  in  ch loro form  was found to  be 
u n s t a b le ,  van den Bergh d e v ise d  the  fo l lo w in g  standard:
0 .1 5 0 8  gm. ammonium ir o n  alum d i s s o lv e d  in  50 c c .  c o n e ,  
h y d r o c h lo r ic  a c id  w ith  w ater  to  100 o c .
10 c c .  o f  t h i s  s o l u t i o n  w ith  25 c c .  co n c . h y d r o c h lo r ic  
a c id  and w ater  to  250 c c .
The c o lo u r  stan dard  was o b ta in ed  by ta k in g  3 c c .  o f  t h i s  s o l u t i o n  
a lo n g  w ith  3 c c .  o f  a 10 per c en t ,  ammonium th io o y a n a te  s o l u t i o n  
and shaking  out th e  ir o n  th io o y a n a te  w ith  12 c c .  o f  e t h e r .  The 
e th e r  s o l u t i o n  was found to  match the  a z o - b i l i r u b i n  s o l u t i o n  
d e sc r ib e d  above .
Another a r t i f i c i a l  standard  has s in c e  been d e s c r ib e d  by
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van den Berg^and M uller  jl927) which c o n s i s t s  o f  2 . 0  gm. anhydrous
c o b a lt  su lp h a te  d i s s o lv e d  in  water to  100 c c .  T his i s  a l s o
s t a t e d  to  match th e  a z o - b i l i r u b i n  s o l u t i o n .
F is c h e r  and Barrenscheen ( l9 £ lj  have c r i t i c i s e d  the
van den Bergh method o f  e s t im a t io n  in  c e r t a i n  im portant r e s p e c t s .
On r e p e a t in g  van den Bergh*s d e sc r ib ed  procedure fo r  the p r e p a r a t io n  
o f  th e  a z o - b i l i r u b i n  standard they  found th a t  the r e s id u e  a f t e r  
e v a p o r a tio n  o f  the  ch loroform  d id  not d i s s o l v e  c o m p le te ly  in  the  
sodium c h l o r i d e ,  sodium b icarbonate ,,and  a lc o h o l  m ix tu re; th a t  
more c o lo u r  to  the  e x te n t  o f  66 per c en t ,  was o b ta in ed  by adding  
the d ia z o -r e a g e n t  to  a ch loro form  a lc o h o l  m ixture  th a u  was g iv e n  
by the s o l u t i o n  o b ta in a b le  by the van den Bergh p roced u re . They 
a ls o  found th a t  f u l l  c o lo u r  p ro d u ctio n  was n ot reached  in  the  time  
g iv en  by van den Bergh fo r  c o u p l in g ,  and t h a t  com plete  c o u p l in g  
was not a t t a i n e d  even  in  10 m in u te s ,  a s  e v id en ce d  by t h e i r  f in d in g ,  
th at on a d d i t io n  o f  w ater and ohloroform  to  the t e s t  s o l u t i o n , f r e e  
b i l i r u b i n  was s t i l l  e x t r a c t a b l e .  They th u s  con c lu d e  t h a t , u s e f u l  
as the method may be fo r  c l i n i c a l  p u rp o se s ,  ( ^ ? t \ i t }  g i v e s  no measure
o f  the a b s o lu t e  amount o f  b i l i r u b i n  in s o l u t i o n  or in  plasma
Van den Bergh and M uller have su b seq u e n t ly  ad-
v i s e d  th a t  the oh loroform  standard should  be eva p o ra ted , n o t to  
d ryn ess , but so th a t  the  b i l i r u b i n  remains d i s s o lv e d  in  0 .1  to  
0 .2  c o .  o f  oh loro form . Apart from t h i s  c o n c e s s io n  the  o b j e c t io n s  
o f  F isc h e r  and Barrensoheen have so fa r  remained unanswered, and a s  t  
they are o f  fundam ental importance in  the d e ter m in a t io n  o f  b i l i r u b i n  
by the d ia z o - r e a g e n t s ,  th ey  o b v io u s ly  c a l l  fo r  a r e -e x a m in a t io n  o f  
the su b je c t*  T h is  I have attem pted a s  fo l lo w s :
Ten mgs. o f  b i l i r u b i n  were t r a n s fe r r e d  to  a dry 100 oo .  
g l a s s  s to p p ered  f l a s k  and about 90 c o .  o f  pure ch loroform  added.
A fter  about a day, w ith  o c c a s io n a l  shaking, the su bstance  c o m p le te ly  
d i s s o lv e d .  Chloroform was then  added to  the  100 oo . mark and the  
o o n te n ts  o f  the  f l a s k  th orou gh ly  m ixed. F is c h e r  and Barrensoheen  
found such a s o l u t i o n  to  be s ta b le  fo r  over a year and I can a t t e s t  
that i t  i s  s ta b le  /^ t^ leastX ^ ox) s e v e r a l  months.
g o t e * The b i l i r u b i n  used  here was prepared by the Eastman Kodak 
to -J.
Company, who k in d ly  prov ided  me w ith  a d e s c r ip t io n  o f  i t s  method o f  
preparation* The substance  was a m io r o o r y s ta l l in e  b r ig h t  orange  
powder c o m p le te ly  s o lu b le  in  ch loroform ,and  l e a v in g  no a sh  oit i g n i t i o n .  
There i s  no doubt th a t  the  m a te r ia l  was o f  a h igh  degree o f  purityj*
0 .5  o c .  o f  t h i s  s o lu t io n  was tr a n s fe r r e d  to  a sm all  
g l a s s  b a s in  and evap ora ted  to  d ryn ess  in  a w ater b a th . The 
a d d i t io n  o f  10 oo . o f  the van den Bergh b ic a r b o n a t e - a lc o h o l  
m ixture d i s s o l v e d  on ly  a tra c e  o f  the r e s id u e ,  and subsequent  
a d d it io n  o f  2 .5  c o .  o f  the  d ia z o -r e a g e n t  gave on ly  a p e r c e p t ib l e  
pink c o lo u r .  T his amply confirm s the s ta tem en t o f  F is c h e r  and 
Barrensoheen th a t  b i l i r u b i n  i s  p r a c t i c a l l y  in s o lu b le  in  a lc o h o l  
and th a t  the  a d d i t io n  o f  sodium c h lo r id e  and sodium b ica rb o n a te  
in  the  c o n c e n tr a t io n  m entioned , does not a p p r e c ia b ly  a f f e c t  the  
q u e s t io n .
To 0 ,5  o c .  o f  the b i l i r u b i n  s o l u t i o n  I n e x t  added 9 ,5  o c .  
o f  96 per c e n t ,  a lo o h o l  fo l lo w e d  by 2 .5  c c .  o f  d ia z o -r e a g e n t .  A 
pink c o lo u r  soon appeared which changed to  a deeper r e d d ish -p u r p le  
a f t e r  f i v e  to  te n  m in u te s .  On comparing t h i s  in  a t e s t - t u b e  s id e  
by s id e  w ith  the  a r t i f i c i a l  standard o f  e t h e r e a l  ir o n  th io o y a n a te  
i t  was found t h a t  th e  c o lo u r s  were o f  a lm ost the same i n t e n s i t y ,  a s  
was a l s o  the stan dard  made w ith  o o b a l t  s u lp h a te ,  a lth o u g h  a l l  th e  
s o lu t io n s  were o f  $ d i f f e r e n t  hue. The f in d in g  o f  F is c h e r  and 
Barrensoheen i s  th u s confirm ed , y e t  a t  the same tim e van den Bergh
must have t r e a t e d  h i s  standard ch loroform  s o l u t i o n  in  such a way 
th a t  i t  was a l l  o b ta in ed  in  s o lu t io n .
Van den Bergh regards the  method a s  p r o v id in g  an e s t im a t io n  
ra th er  than  a q u a n t i t a t iv e  d e term in atio n  o f  b i l i r u b i n  in  serum, 
and i f ,  a s  s t a t e d  by F is c h e r  and B arrensoheen , the  c o u p lin g  i s  not  
com p lete , we can hard ly  hope fo r  a s a t i s f a c t o r y  means o f  m easuring
the amount o f  b i l i r u b i n  by the d iazo  method, If-uppaaredr t o^tha
A!coviiLcjl(/x>p 
-flxami ned~^ aaaL i t  was
decided  to  t e s t  a c c u r a t e ly  the r e l a t i o n  o f  the amount o f  c o lo u r
developed  to  the amount o f  b i l i r u b i n  in  the  t e s t  s o l u t i o n .  In  t h i s
c o n n e c t io n ,  however, c e r t a i n  p r e lim in a ry  o b s e r v a t io n s  sh ou ld  be
recorded:
When c o u p lin g  ta k e s  p la c e  under the c o n d i t io n s  d e sc r ib e d  
above, or in  p resen ce  o f  the n e g l i g i b l e  amount o f  sodium b io a r b -  
onate recommended by van den Bergh, the  c o lo u r  developed  i s  
a p p r e c ia b ly  more b lue  than the ir o n  th io o y a n a te  s o lu t io n ,a n d  very  
markedly more b lu e  than  the c o b a l t  su lp h a te  s o l u t i o n .  M atching  
c o lo u r s  under th e s e  c ircu m sta n ces  i s  open to  a r e l a t i v e l y  la r g e
e r r o r .
The speed o f  c o u p lin g  iB markedly in f lu e n c e d  by the
r ea c tio n  o f  the medium. Under the above d e sc r ib e d  c o n d i t io n s  
increase  o f  c o lo u r  over a p er io d  o f  5 -1 0  m inutes i s  q u ite  apprec­
iab le  w ith ou t r ec o u r se  to  a c o lo r im e t e r .  With more a c id  p r e sen t  
the r e a c t io n  i s  even more re ta rd ed  and i s  probably n ot co m p le te .
The s o lu t io n  may, however, be b u f fe r e d  to  a weakly a c id  r e a c t io n ,  
under which c o n d i t io n s  the  c o u p lin g  i s  a p p a re n tly  p r a c t i c a l l y  
immediate and a s  w i l l  be shown c o m p le te .  The a z o - b i l i r u b i n  c o lo u r s
WuA*- to
are l e s s  s t a b le  in  w eakly  a c id  s o l u t i o n  than in ^ s tr o n g e i  a c id  
so lu t io n .
The p resen ce  o f  r e l a t i v e l y  la r g e  p r o p o r t io n s  o f  ch loroform  
in the c o u p lin g  medium a l s o  r e ta r d s  c o u p l in g .  Thus i f  to  0 .5  c c .  
of the ch loroform  s o l u t i o n  o f  b i l i r u b i n ,  2 c o .  o f  oh loroform  and
QJ&-
7.5 oc . o f  96 per c e n t  a l c o h o l  added, fo l lo w e d  by 2 .5  c c .  o f  
E h r lic h 's  d ia z o - r e a g e n t ,  (under which c o n d i t io n s  we have s t i l l  a  
homogenous s o l u t i o n ) ,  th en  l e s s  c o lo u r  d e v e lo p s ,  and on the  
addition  o f  water a t  th e  end o f  f i v e  m inu tes uncoupled b i l i r u b i n  
i s  found to  be p r e se n t  in  the ohloroform  la y e r .
These f in d in g s  appear to  account fo r  the sta tem en t o f  
Fischer and Barrensoheen th a t  the  co u p lin g  i s  n o t  com p lete .
(pZ
A fte r  v a r io u s  a ttem p ts  to  m odify  the c o n d i t io n s  o f  
ooupling so th a t  th e  r e a c t io n  was l i k e l y  to  he rap id  and com plete  
the fo l lo w in g  method was adop ted .
A s o l u t i o n  o f  6 gm. o f  UagH P04 *12Hg0 in  100 c c .  i s ,
on the b a s i s  o f  one e q u iv a le n t  o f  sodium, about o n e - s ix t h  normal
a l k a l i .  The d ia z o -r e a g e n t  i s  about o n e - s ix t h  normal a c id  due to
hydrochloric  a c id .  On m ixing an equal volume o f  the  d ia z o -r e a g e n t
with the disodium  hydrogen phosphate s o l u t i o n ,  we o b ta in  a w eakly
acid s o lu t io n  b u ffe r e d  by NaHoP 0 .  Under th e se  c o n d it io n s  a f a i n ttL 4
reddish c o lo u r  becomes p e r c e p t ib le  a f t e r  about ten  m inutes in  th e  
d ia z o - s o lu t io n ,  due probab ly  to  the- c o u p lin g  w ith  u n d d sx o ttse d  
su lp h a n ilio  a c id  in  the s o l u t i o n .  For t h i s  rea so n  the d i a z o - s o l u t i o n  
i s  made im m ediate ly  beford  u s in g  fo r  each p a ir  o f  t e s t s  in  the  
fo llow ing  proced ure . For exam ple, to  4 c o .  o f  the E h r l io h  d ia z o -  
reagent, 4 c c .  o f  the disodium  hydrogen phosphate s o l u t i o n  are  
added, from which 2 .5  o o . were used  in  each  t e s t .
Note. The c o n c e n tr a t io n  o f  d ia z o b e n z en e -p -su lp h o n io  a c id  i s  here  
of course o n ly  h a l f  th a t  used  in  the  Van den Bergh procedure, y e t  
there i s  s t i l l  p r e se n t  more than a thousand t im es  the t h e o r e t i c a l
1*1
requirement fo r  0 .1  mg. b i l ir u b in ] .
The method was t e s t e d  over th e  range o f  0 .1  to  0 .0 1  mg. 
of b i l i r u b i n ,  th a t  i s ,  u s in g  1 .0  to  0 .1  c c ,  o f  th e  standard b i l i r u b i n  
so lu t io n  in  oh loroform . 96 per cent, a lc o h o l  was added to  make each  
volume 10 o c .  and to  t h i s  2 .5  c c .  o f  the phosphate b u ffer ed  d ia z o -  
reagent were added. The c o lo u r  produced from each was read in  a 
Duboscq c o lo r im e te r  a g a in s t  a standard c o n ta in in g  0 .0 5  mg. o f  
b i l i r u b in .  To e l im in a te  any erro r  th a t  might a r i s e  from fa d in g ,  
the standard was remade w ith  each  s o l u t i o n  to  be measured. To 
obtain a d i r e c t  p r o p o r t io n a l i t y  between the amount o f  b i l i r u b i n  
present and the amount o f  c o lo u r  produced, each s o l u t i o n ,  which  
we w i n  term the  t e s t  s o l u t i o n ,  i s  p la c ed  in  the l e f t - h a n d  cup 
of the c o lo r im e te r  w ith  the  p lu n ger  s e t  a t  a co n sta n t  depth o f  
15 mm.# -and The standard  s o l u t i o n  i s  p la ced  in  the r ig h t-h a n d  cup, 
and the depth o f  c o lo u r  a l t e r e d  to  match.
The s o l u t i o n s  were in  each  case  mixed and the  c o lo u r s  
produced in  t e s t - t u b e s .  S u ita b le  amounts o f  the f l u i d s  were then  
transferred to  dry c o lo r im e te r  cups and rea d in g s  made w ith o u t  d e la y .  
The r e s u l t s  are g iv e n  in  the fo l lo w in g  graph, from whioh i t  i s  seen
that there is a strict linear proportionality between the amount 
of bilirubin present and the amount of colour produced from it by
the diazo-reagent.
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The a d d i t io n  o f  w ater to  the a z o - b i l i r u b i n  s o l u t i o n s  t m t i l l  the  
separation  o f  the ohloroform , f a i l e d  to  r e v e a l  the p resen ce  in  
the ch loroform  la y e r  o f  the  s l i g h t e s t  t r a c e  o f  b i l i r u b in #  The 
evidence i s  th u s a l t o g e t h e r  in  favour o f  th e  c o n c lu s io n  t h a t ,  under 
the above d e sc r ib e d  c o n d i t i o n s ,  b i l i r u b i n  c o u p le s  q u a n t i t a t i v e l y  
with d ia zo ^ b en zen e -p -su lp h o n ic  a c id .  The r e a g e n ts  in  th em se lv es  
have no c o lo u r  a n d ,a s  the  c o lo u r  produced i s  s t r i c t l y  p r o p o r t io n a l  
to the amount o f  b i l i r u b i n  p r e s e n t ,  t h i s  d ia z o - r e a c t io n  o b v io u s ly  
su p p lies  a method o f  the  h ig h e s t  accu racy  fo r  the d e ter m in a t io n  
of b i l i r u b i n  in  s im ple  s o l u t i o n .  The c o lo u r  ob ta in ed  under th e se  
co n d it io n s  from pure b i l i r u b i n  m atches the a r t i f i c i a l  c o b a l t  
sulphate s o l u t i o n  much more c l o s e l y  than th a t  o b ta in ed  by the  method 
of van den Bergh. The c o lo u r  hues a r e ,  however, not s u f f i c i e n t l y  
near to  each o th er  to  admit o f  p r e c i s e  s t a n d a r d is a t io n ,  but from 
a number o f  r e a d in g s  i t  was found th a t  when the  a z o - b i l i r u b i n  
so lu tio n  c o n ta in in g  0 .0 5  mg. o f  b i l i r u b i n  in  1 2 .5  c c .  was s e t  a t  
a depth o f  15 mm., the  o o b a lt  su lp h a te  s o l u t i o n  read about 1 4 .2  mm.  ^
ind ica tin g  t h a t  1 .9  gm. o f  anhydrous c o b a l t  su lp h a te  in  100 oc* 
Provides a more a ccu ra te  standard than 2 .0  gm. in  100 o c .  The
amount g iv e n  lay MoNee and K eefer  [ l 9 2 5 ] , t h a t  i e  £ .1 6 1  gm. In  100 o o .
i s  d e f i n i t e l y  too  h igh
Note: Some care  i s  n e c e s s a r y  in  d ry in g  CoSO . 7 ^ 0 ,  the  u su a l4 ^
commercial s a l t .  When heated  f o r  s i x  hours in  an e l e o t r i o  oven a t
about 150 t the r e s u l t a n t  ap p a ren tly  dry powder s t i l l  c o n ta in e d  a 
r e la t iv e ly  la r g e  amount o f  w a te r .  When heated  in  a m u ffle  furnace  
beyond a v ery  d u l l - r e d  heat th ere  i s  ap p arm ttty  a slow  d ecom p osit ion  
of the su lp h ate  and the p ro d u ction  o f  a b la c k  in s o lu b le  o x id e .  The 
dry powder d i s s o l v e s  s lo w ly  in  c o ld  and e a s i l y  in  warm w a te r .  The 
standard s o l u t i o n  i s  f i n a l l y  f i l t e r e d  from a tr a c e  o f  in s o lu b le  
materia]].
the b u ffered  d iazc  _ j o  c l o s e l y  resem b les  in  hue th a t  ob ta in ed  from 
serum. Indeed the c o n d i t io n s  o f  c o u p lin g  here may be regarded a s  
very s im ila r  to  th o se  o b ta in in g  in  an e x t r a c t  from serum. Such a 
standard s o lu t io n  may be used  fo r  the d e term in a tio n  o f  b i l i r u b i n  in  
serum,but there  i s  much to  be s a id  f o r  th e  use o f  a s t a b le  a r t i f i c i a l  
standard such a s  i s  prov id ed  by the c o b a l t  su lp h a te  s o l u t i o n .
The c o lo u r  v a lu e s  o b ta in ed  by u s in g  the  oh loroform
(jd&dow'
solution c o n ta in in g  10 m g.Nin  100 oo . were checked by u s in g  anoth er
0
The c o lo u r  o f  the a z o - b i l i r u b i n  s o l u t i o n  produced by
obier e f osm s o l u t i o n - centsInA ng 16- in IfiO ni»i we re oheoltod by 
uoing-another  oh loroform  s o l u t i o n  c o n ta in in g  25 mg. per 100 o c .
D eterm in ation  o f  B i l i r u b in  in  Serum
The procedure o f  van den Bergh and M uller  £l927] i s  a s  f o l lo w s :
To a c e n tr i fu g e - tu b e  add 0 .5  c o .  o f  serum and 1 .0  c c .  o f  96 per c e n t .
a loohol. C e n tr ifu g e ,  and remove 1 .0  c c .  o f  the supernatant f l u i d
to a t e s t - t u b e .  To t h i s  add 0 .5  c c .  o f  96 per cen t, a lc o h o l  and 0 .2 5
oo. o f  d ia z o - r e a g e n t .  The c o lo u r  i s  matched w ith  th a t  prepared from
a 1:200 ,000  s o l u t i o n  o f  b i l i r u b i n ,  or w i th  the  a r t i f i c i a l  s tan dards
mentioned above . The amount o f  b i l i r u b i n  p r e sen t  i n  th e  serum i s
oaloulated  by van den Bergh as  f o l lo w s :  On th e  a d d i t io n  o f  1 c c .
of 96 per cen t, a lo o h o l  to  0 .5  c c .  o f  serum, the r e s u l t a n t  volume i s
found to  be — ; the  volume occu p ied  by p r o t e in  p r e c i p i t a t e  b e in g  
7 *
neglected . By the  a d d i t io n  o f  0 .5  oo . o f  a lc o h o l  and 0 .2 5  c c .  o f
diazo-reagent to  1 c o .  o f  the su pern atant f l u i d  th ere  i s  a fu r th e r
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d ilu t ion  o f  -  , so th a t  the t o t a l  d i l u t i o n  o f  the serum i s  — X -  1 6 #
4 7 4
That i s ,  the v a lu e  found by comparison w ith  the standard  s o lu t io n
must be m u l t ip l i e d  by 5 . I f ,  f o r  exam ple, in  the  c o lo r im e te r  a
Siven depth o f  t e s t  s o l u t i o n  m atches the  same depth o f  standard s o lu -
08
tion, there w i l l  be p r e se n t  in  the serum a c o n c e n tr a t io n  o f  
1
5 X *-------------- o f  b i l i r u b i n .  I f  the t e s t  s o l u t i o n  had o n ly  o n e - f i f t h
200,000
the colour o f  the  standard  then the  c o n c e n tr a t io n  would be 
1
5 10»Z X -----------------  • For con v en ien ce , van den Bergh used fo r  such an
200 ,000
expression as  t h i s ?sim ply  the product o f  5 X0#2 ,  i t  b e in g  understood
1
that i t  i s  fu r th e r  m u l t i p l i e d  by ________  ♦
200 ,000
The method o f  e x p r e s s io n  i s ,  d e s p i t e  t h i s  s i m p l i f i c a t i o n ,  
obviously a clum sy one, as  a b i l i r u b i n  va lue  o f ,  l e t  us suppose 10, 
is meaningless in  i t s e l f , a n d  in  i t s  more com plete  form o f  1 in  2 0 ,0 0 0  
i t  s t i l l  conveys to  us l i t t l e ,  a s  i t  i s  an unusual form o f  e x p r e s s io n  
of the c o n c e n tr a t io n  o f  a b lood  c o n s t i t u e n t .  The g e n e r a l  a d o p tion  
of McJFee's t r a n s l a t i o n  o f  the  term " B iliru b in w ert"  by " b i l i r u b in  u n it"  
is even more u n fo r tu n a te ,  a s  the  term "unit" appears to  have been  
adopted in  p h y s io lo g y ,  e s p e c i a l l y  s in ce  the  s ta n d a r d is a t io n  o f  i n s u l i n ,  
for purposes o f  b i o l o g i c a l  a s s a y .  I t  thus con n o tes  the  la c k  o f  
la a n t ita t iv e  a c cu ra c y . In  the w r i t e r ' s  o p in io n  the  s im p le jjareee ae 
is to express  the c o n c e n tr a t io n  o f  b i l i r u b i n  in  the  serum in  the  manner 
in which i t  has become the  custom to  e x p r e ss  the  c o n c e n tr a t io n  o f  
other n o n -p ro te in  b lood  c o n s t i t u e n t s ,  th a t  i s ,  a s  mg. per 100 o c .  Had
ioq
the e x p r e s s io n  o r i g i n a l l y  been in  t h i s  form i t  i s  u n l ik e l y  th a t  
a gro ss  in a ccu ra cy  (o f  20 per cent.) in  the c a l c u l a t io n s  o f  van  
den Bergh, oou ld  have h i th e r t o  escaped  the n o t ic e  o f  the  v a r io u s  
workers who have used  h i s  method. The e rro r  l i e s  in  the f a c t  th a t  
van den Bergh d e s c r ib e s  h i s  standard a s  one o f  1 in  200*000, whereas  
i t  i s  a c t u a l l y  one o f  1 in  250 ,000  o f  b i l i r u b i n ;  the  standard  
s o lu t io n ,  c o n ta in in g  0 ,0 5  mg. o f  b i l i r u b i n  in  the form o f  azo -
(su[>.S5)
b i l i r u b in ,  in  a volume o f  1 2 .5  cc .^ aad  not 10 c c .  This means* 
o a e te r i s  p a r ib u s , th a t  a l l  the  v a lu e s  in  the l i t e r a t u r e  to  date  
are 20 per cent, too  h ig h .
The c a l c u l a t i o n  i s  s im ply performed a s  f o l lo w s :  S ince
IE .5 co . o f  standard s o l u t i o n  c o n ta in  0 .0 5  mg. o f  b i l i r u b i n  then
100 co . o f  standard c o n ta in  0 .4  mg. o f  b i l i r u b i n .  I f  the  t o t a l
d i lu t io n  o f  th e  b lood  serum i s  taken as  1 in  5?and a g iv e n  depth
o f  a zo -o o lo u r  from th e  serum matches the  same depth o f  c o lo u r  from
the standard^then 100 o c .  o f  serum w i l l  c o n ta in  5 X 0 .4  mg. or E.O mg.
of b i l i r u b i n ,  jpof & normal human b lood  serum a t  t h i s  d i l u t i o n  the
colour would amount to  about  o f  th a t  o f  the standard; th a t
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i s ,  one -adxould have 5 X —  X 0 .4  mg. = 0 .2  mg. o f  b i l i r u b i n  per
10
100 o c .  In g e n e r a l  terms the t o t a l  d i l u t i o n  o f  the b lood  serum 
X r a t io  o f  the  rea d in g s  X 0 .4  = mg. o f  b i l i r u b i n  per 100 c o .  o f  
f lu id  under i n v e s t i g a t i o n .
V ar ious m o d i f i c a t io n s  o f  th e  van den Bergh method fo r  
the d e term in a tio n  o f  b i l i r u b i n  in  serum have been su g g e s te d .  That 
whioh has r e c e iv e d  most a t t e n t i o n  i s  the m o d i f ic a t io n  o f  Thannhauser 
and Andersen j l9 2 l]  • This was in trod u ced  to  overcome the a d s o r p t io n  
of b i l i r u b i n  f r e q u e n t ly  encountered  in  sera  from p a t i e n t s  w ith  
o b stru ct iv e  ja u n d ic e .  In t h i s  method 0 .5  c o .  o f  d ia z o -r e a g e n t  i s  
added to  1 c c .  o f  serum, fo l lo w e d  by 2 .5  o c .  o f  96 per cen t,  a lo o h o l  
and 1 .0  c c .  o f  sa tu r a te d  ammonium s u lp h a te .  The o b je c t  o f  the  
method i s  to  a l lo w  the  form ation  o f  a z o - b i l i r u b i n  b e fo re  p r o te in  
p r e c ip i ta t io n ,a n d  thus e l im in a te  a d s o r p t io n .  The main purpose o f
. .  J t o
the in c o r p o r a t io n  o f  ammonium su lp h a te  appears to  be^oomplete  
protein  p r e c i p i t a t i o n .
From 1 o c .  o f  serum the t o t a l  volume i s  th u s 5 .0  o c . ,  so  
that the d i l u t i o n  appears to  be 1 in  5 . I t  i s ,h o w e v e r ,  taken a s  
1 in 4 f o r  th e  r ea so n  t h a t  o n ly o .2 -a 3  c c .  o f  the ammonium su lp h ate  
does in to  s o lu t io n ,a n d  the  volume occu p ied  by p r o t e in  p r e c i p i t a t e
may "be taken  as  com pensating ap p rox im ate ly  fo r  t h i s  amount in  
excess  o f  a 1 in  4 d i l u t i o n .
Thannhauser and Andersen a l s o  used  a s tr o n g e r  d i a z o -  
reagent, and co n v erted  the r e d d ish  a z o -o o lo u r  in to  a b lue  by the  
a d d it io n  o f  cone, h y d ro ch lo r ic  a c id  b e fo re  read ing* But th e s e  
changes are  o f  d o u b tfu l v a lu e  and have not been g e n e r a l ly  adop ted .
The main arguments fo r  the a d o p tio n  o f  t h i s  m o d i f ic a t io n  
are th a t  i t  s i m p l i f i e s  the te c h n iq u e ,  and e n a b le s  the  worker to  
t e s t  a t  the same time whether the serum g i v e s  a " d ir ec t"  r e a c t io n .  
In an a c id  medium th e  serum p r o t e in s  do n ot a f f e c t  the a c t i v i t y  
of ttew d i a z o t i s e d  s u lp h a n i l i c  a c id ,a n d  th ey  p rov id e  a g r e a te r  
b u ffer in g  e f f e c t  on the  c o u p lin g  medium?th u s le a d in g  to  g r e a t e r  
s im i la r i t y .  in  c o lo u r  hue than  i s  o b ta in ed  under the van den Bergh
c o n d it io n s .  I t  may a l s o  be a c c e p te d  th a t  th e ^  reduces a d s o r p t io n ,
’it
although in  the w r i t e r ’ s e x p e r ie n c e  do not e l im in a t e  i t .
When the i c t e r i c  serum c o n ta in s  a r e l a t i v e l y  la r g e  amount o f  b i l i ­
rubin, amounts sm a ller  than 1 c c .  o f  serum must be taken fo r  th e  
t e s t ^ f  q u a n t i t a t iv e  accu racy  i s  d e s ir e d .  Apart from the q u e s t io n  
a d s o r p t io n , i t  i s  perhaps u n sa fe  to  have in  serum t e s t  s o l u t i o n s
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a c o n c e n tr a t io n  o f  b i l i r u b i n  g r e a te r  than the  maximum o f  th e  
range in  which I have shown th a t  th e  r e a c t io n  i s  s t r i c t l y  q u a n t i t ­
a t iv e ,  th a t  i s ,  0 .1  mg. o f  b i l i r u b i n  in  a volume o f  1 2 .5  o c .
Using the Thannhauser and Andersen method in  which 1 c c .  o f  serum 
i s  d i lu t e d  to  ap p rox im ate ly  4 . 0  c c . , t h i s  means th a t  not more than  
about 0 .0 3  mg. o f  b i l i r u b i n  should  be p r e se n t  in  the  t e s t  p o r t io n  
of serum. In o th er  w ords, i f  the serum has more than 3 .0  mg. o f  
b i l i r u b in  per  100 o c . ,  an amount l e s s  than 1 o o . should  be used  
to bring the c o n c e n tr a t io n  w ith in  the  approved ran g e .
In h i s  monograph,van den Bergh had a lr e a d y  made i t  c l e a r  
that in  b i l i r u b i n - r i o h  se ra  d i l u t i o n  w ith  w ater  b e fo re  the  a d d it io n  
of a lc o h o l  l e a d s  to  h ig h er  b i l i r u b i n  v a lu e s .  This he a t t r ib u t e d  
to decreased  l o s s  from a d s o r p t io n ,b u t  the  l i m i t  o f  c o n c e n tr a t io n  
at which b i l i r u b i n  a c t u a l l y  in  s o l u t i o n  w i l l  r e a c t  q u a n t i t a t i v e l y  
with the d ia z o -r e a g e n t  i s  probably  a l s o  exceeded  in  such s e r a .
The q u es t io n  o f  whether the  van den Bergh p roced ure, w ith  proper  
a t te n t io n  to  d i l u t i o n ,  g i v e s  a low er  v a lu e  than the  Thannhauser 
and Andersen m ethod,under the  same c o n d i t io n s ,d o e s  n ot appear to  
have been i n v e s t i g a t e d .  But c e r t a i n ly ,  a ccu ra te  r e s u l t s  can n o t
be ob ta in ed  by e i t h e r  method w ith o u t  due regard to  d i l u t i o n .
The in c o r p o r a t io n  o f  ammonium su lp h a te  appears to  the  
w rite r  to  be o f  d ou b tfu l v a lu e .  The a d d i t io n a l  p r o t e in  p r e c ip i t a t e d  
by i t  i s  n e g l i g i b l e  and i t a  rammr«v o f  no apparent advantage to  
the d e ter m in a t io n . The p resen ce  o f  ind oxy l in  sera  from uraemic
p a t ie n t s  i s  not d e t e c ta b le  by the d iazo  method in  the presen ce
t ^of ammonium su lp h a te  under in d o x y l^u The procedure fo r  r o u t in e
work might w e l l  be s i m p l i f i e d  by adding in  p la ce  o f  ammonium su lp h a te
0 .3  c c .  a d d i t io n a l  a lco h o l^  thus*. 1 oo . o f  serum + 0 .5  c c .  o f  d i a z o - ^ ^
+ £ .8  c c .  o f  96 per c e n t . a l c o h o l ; g iv in g  a d i l u t i o n  o f  app rox im ate ly
1 in  4 .
The q u a n t i t a t iv e  r e c o v er y  o f  b i l i r u b i n  added to  serum i s  
shown by the f o l lo w in g  ex p er im en t. To two c e n t r i f u g e - t u b e s  add
0.1 c c .  o f  ch loroform  c o n ta in in g  0 .0 1  mg. o f  b i l i r u b i n .  To one
a-
tube add 1 . 0  c c .  o f Nserum p r a c t i c a l l y  f r e e  from b i l i r u b i n ,  a lo n g  
with 0 .5  oo . o f  d ia zo ~ rea g en t  and £ .8  c c .  o f  96 per cent, a lc o h o l*  
Centrifuge* To the  o th e r  add 3 .8  c c .  o f  96 per  c e n t .a l c o h o l  and 
0*5 o c . o f  b u f fe r e d  d ia z o -r e a g e n t .  The amount o f  c o lo u r  d eve lop ed  
in each c a se  was found to  be the same.
The p r e c i s i o n  w ith  which b i l i r u b i n  may be e s t im a te d  in
iU
serum and s im i la r  body f l u i d s  r e s t s  then  w ith^ degree  o f  accuracy  
desired by the worker r a th e r  than w ith  the  p r i n c i p l e s  o f  th e  method. 
The ro u tin e  method a s  o u t l in e d  above i s  r e l a t i v e l y  a c cu ra te  d e s p i te  
the very  sm all amounts o f  su bstance  measured. A low normal b i l i ­
rubin va lu e  fo r  human b lood  o f  say 0 .1  mg. per 100 c c .  i s ,  o f  c o u r se ,
open to  a r e l a t i v e l y  high percen tage  e r r o r p e r h a p s  50 per c e n t -
<
hut when we o o n s id e r  th a t  such a v a lu e  may be o b ta in ed  from 0 .5  c c .  
of blood serum, or w ith  0 .0 0 0 5  mg. o f  the  su bstance  to be measured, 
the p r e se n t  o ta go of  ana l y t i c al  che m is try ,^ we can h a rd ly  e x p e c t  
much b e t t e r .  When the amount p r e se n t  i s  g r e a te r  than 0 .5  mg. per  
100 c c .  the degree o f  a ccu racy  th en  depends m ain ly  on two f a c t o r s ,  
the measurement o f  the d i l u t i o n ,  and the p resen ce  o f  p igm ents o ther  
than b i l i r u b i n  in  th e  serum. The main f a c t o r s  a f f e c t i n g  the  accu ­
racy o f  the d i l u t i o n  f ig u r e  are v a r i a b i l i t y  i n  the amount o f  p r o t e in  
in the serum, and change o f  volume on m ixing a lc o h o l  and w a ter .  
In terfer in g  pigm ents cou ld  be compensated fo r  by the use o f  such a 
oolorimeter a s  th a t  d e s c r ib e d  by Burkerx  [l927],but fo r  a lm ost a l l  
practica l purposes the  e rr o r  from pigment in t e r f e r e n c e  i s  n e g l i g i b l e .
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Ehrlich^ Jl883, l~j observed  th a t  when normal u r in e  i s  t r e a t e d  w ith  
an equal volume o f  d ia z o -r e a g e n t  l i t t l e  change in  c o lo u r  ta k e s  
place on m ix in g . When b i l e  pigm ents are  p r e se n t  in  marked amount, 
however, an in te n s e  dark c o lo u r in g  r e s u l t s .  On h e a t in g ,  the  co lo u r  
may change to  a r e d - v i o l e t ,  the a d d i t io n  o f  a la r g e  amount o f  
&oetic a c id  som etim es b r in g in g  about the same c o lo u r  change. From 
such a t e s t  s o l u t i o n  whan s tr o n g ly  a c i d i f i e d  w ith  h y d ro c h lo r ic  
acid , sa tu r a te d  w ith  sodium c h lo r id e ,a n d  a llo w ed  to  stand  fo r  a 
few days, a p r e o ip i t a t e  s e p a r a te s ,  which may be f i l t e r e d ,  washed, 
and found to  g iv e  c o lo u r  changes s im i la r  to  the a z o - d e r iv a t iv e  
prepared from b i l i r u b in ^  [ijhrlioh  1 8 8 3 ,2 ] .  B h r l ic h  fu r th e r  showed 
that the t e s t  was h ig h ly  s p e c i f i c  f o r  b i l i r u b i n .  Other b i l e  pigm ents, 
as b i l i v e r d i n ,  b i l i f u s o i n ,  b i l i p r a s i n ,  b i l ih u m in ,a n d  u r o b i l i n , f a i l e d  
to rea c t  w ith  d iazobenzen e—su lph on io  a c id .
^ o t e : I t  has been s t a t e d  by D avies and Dodds 11927]th a t  b i l i v e r d i n ,  
perhaps the b e s t  d e f in e d  o f  the above su b s ta n c e s ,  g i v e s  an immediate 
colour in  the p resen ce  o f  a lc o h o l  w ith  the d ia z o -r e a g e n t ,  and 
Roberts [19281 r e c o r d s  a s im i la r  o b s e r v a t io n .  Such a f in d in g  i s  o f
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course co n tra ry  to  a mass o f  p re v io u s  ev id en ce ,  and an exam ination  
of the above papers makes- i-t  appear urolw lits  to  th e  w r i t e r  th a t  the  
b i l iv e r d in  p r e p a r a t io n s  theifc used  were not f r e e  from b i l i r u b i n .  T e s ts  
by the w r i t e r  w ith  b i l iv e r d in ,p r e p a r e d  by th e  Eastman Kodak Company, 
proved to  be e n t i r e l y  n e g a t i v e .  D astre  and F lo r e sc o  [ l 8 9 9 ] s t a t e  
that b i l i p r a s i n  r e a c t s  l i k e  b i l i r u b i n ,  w h ile  K uster ^1914j n o te s  th a t  
dehydroxybilirubin  , a n o n - o r y s t a l l i n e  o x id a t io n  product o f  b i l i r u b i n  
gives a c o lo u r  w ith  diazo-com pounds. The p o s s ib l e  p resen ce  o f  
b il iru b in  in  both  p rod u cts  would account fo r  th e  findingsj#
Prosoher jl90 lj  n o te s  th a t  th e  d e t e c t io n  o f  b i l i r u b i n  
by the d ia z o - r e a c t io n  in  i c t e r i c  u r in e  o f f e r s  some d i f f i c u l t y .  I f  
to such u r in e  h y d r o c h lo r ic  a c id  and alcoholQAt added? fo l lo w e d  by 
the d ia z o -r e a g e n t ,a  brow n ish -red  c o lo u r  r e s u l t s  in s te a d  o f  a blue#
There i s  no c h a r a c t e r i s t i c  c o lo u r  change on the a d d i t io n  o f  a l k a l i .
1
Prosoher su pp oses t h a t  in  i c t e r i c  u r in e  anoth er  su b sta n ce  i s  p r e se n t  
which g iv e s  the  brown c o lo u r  w ith  the  d ia z o - r e a g e n t ,  and he o o n s id e r s  
that th i s  sub s ta n ce  i s  n o t  p r e se n t  in  normal u r in e ,  a s  added b i l i r u b i n  
is d e tec ta b le  i n  the  l a t t e r .  Prosoher f i n a l l y  reoommends s a t u r a t io n
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of the u r in e  w ith  ammonium s u lp h a te ,  d i s s o l v in g  the  f i l t e r e d  
p r e c ip i ta t e  in  a o id  96 per c e n t ,  a lc o h o l ,a n d  adding the  d ia z o -  
reagent# Under th e s e  c o n d i t io n s  a b lu e  c o lo u r ,  showing a 
c h a r a c t e r i s t i c  behaviour  w ith  stron g  a l k a l i ,  was o b ta in e d .  The 
t e s t ,  however, has never  been adopted#
As th e  d ia z o —rea g en t  has proved so v a lu a b le  in  the  
d e te c t io n  and e s t im a t io n  o f  b i l i r u b i n  in  o ther  media i t  appeared  
worth w h ile  to  re-exam ine  the p o s s i b i l i t i e s  o f  o b ta in in g  a s a t i s ­
factory  t e s t  by t h i s  means, e s p e c i a l l y  a s  e x i s t i n g  c l i n i o a l  t e s t s  
for b i l i r u b i n  in  u r in e  are  n ot v e ry  favou ra b ly  regarded . I was 
soon a b le  to  oonfirm  the e a r l i e r  o b s e r v a t io n s  th a t  in  i c t e r i c  
urines c o n ta in in g  la r g e  amounts o f  b i l i r u b i n  the d ia z o -r e a g e n t  
g iv es  r i s e  to  b a d ly  d e f in e d  c o lo u r s ,  and the  a d d i t io n  o f  a c id s ,  
or a lo o h o l  doesjnot a p p r e c ia b ly  improve the c o lo u rs#  Contrary to  
the f in d in g  o f  P r o se h e r ,  I was unable to  o b ta in  a s a t i s f a c t o r y  
te s t  w ith  normal u r in e  to  which a s u i t a b le  s o l u t i o n  o f  pure b i l i ­
rubin had been added, and so would n o t  e x p la in  the f a i l u r e  o f  the  
te s t  by supposing  th a t  the  i n t e r f e r i n g  su b s ta n c e ,  (or s u b s ta n c e s ) ,
i s  excreted  o n ly  in  ja u n d ic e .  I t  was apparent from such c o n s id e r -
ation s th a t  some p r e lim in a r y  s e p a r a t io n  o f  the b i l i r u b i n  i s  n e c e s s ­
ary before  a s a t i s f a c t o r y  d i a z o - t e s t  can be c a r r ie d  out in  u r in e .
I t  has lon g  been known th a t  f u l l  s a tu r a t io n  o f  u r in e  w ith  
ammonium su lp h a te  p r e c i p i t a t e s  b i l i r u b i n  |Mehu, 1876] . The b i l i r u b i n  
r-4duz8’ obta in ed  from the p r e c i p i t a t e  d i s s o l v e s  in  s l i g h t l y  a c id  a lc o h o l*  
The a d d it io n  o f  the d ia z o -r e a g e n t  to  t h i s  a l c o h o l i c  f i l t r a t e  o f t e n  
g ives  a f a i r l y  s a t i s f a c t o r y  c o lo u r ,  a lth ou g h  i t  i s  f r e q u e n t ly  
changed or obscured by the  p resen ce  o f  o th er  p igm ents, e s p e c i a l l y  
u r o b i l in ; fo r  f u l l  s a t u r a t io n  w ith  ammonium su lp h ate  p r e c i p i t a t e s  
the g r e a te r  p a r t  o f  pigment in  normal or p a t h o lo g ic a l  u r in e s ,  
besides a p art a t  l e a s t  o f  the u r ic  a c id .  This method has the  
further d isad van tage  th a t  the  p r e c i p i t a t e  can not be c e n tr i fu g e d  
out on account o f  the h igh  s p e c i f i c  g r a v i t y  o f  the m o th e r - l iq u o r .
The s e p a r a t io n  o f  b i l i r u b i n  by ca lc ium  or barium s a l t s  
in a lk a l in e  s o l u t i o n  s i m i l a r l y  le a d s  to  very  impure and bulky  
p r e o ip ita te s ,  and i t s  e x t r a c t i o n  w ith  ch loroform  i s  u n c e r ta in  and 
u n sp e c if ic .  For our p r e se n t  purposes the b e s t  method a v a i la b le  
for the p r e o ip i t a t i o n  o f  b i l i r u b i n  from u rine  i s  th a t  employed by
Nakayama j l9 C 2 |• This procedure depends on the p r e c i p i t a t i o n  o f  
b i l ir u b in  by the a d d i t io n  o f  a s o l u t i o n  o f  barium c h lo r id e  to  the  
weakly a c id  u r in e .  Cole [l919]adds a sm all amount o f  magnesium 
sulphate to  favour the p r e c i p i t a t i o n .  L i t t l e  or no pigment i s  
discharged from normal s l i g h t l y  a c id  u r in e  on the a d d i t io n  o f  
barium c h lo r id e ,  and the c e n tr i fu g e d  p r e c i p i t a t e  i s  n e a r ly  white*
I f  a small amount o f  b i l i r u b i n  in  a lk a l in e  phosphate s o l u t i o n  i s  
added to  such a u r in e  fo l lo w e d  by barium c h lo r id e ,  the c e n tr i fu g e d  
p r e c ip ita te  i s  p e r c e p t ib ly  y e l lo w  in  c o lo u r .  I f  the supernatant  
f lu id  i s  poured c l e a n l y  o f f ,  and th e  p r e c i p i t a t e  s t i r r e d  w ith  a 
glass rod in  p resen ce  o f  d ia z o -r e a g e n t  and a l c o h o l , t h e  p resen ce  o f  
b iliru b in  i s  in d ic a t e d  by the development o f  a pink c o lo u r .
In c e r t a i n  h ig h ly  pigmented p a t h o lo g ic a l  u r in e s  which c o n ta in  
r e la t iv e ly  la r g e  amounts o f  u r o b i l i n  and unknown p igm ents, th ere  i s  
some c o lo r a t io n  o f  the barium p r e c i p i t a t e  even  in  the absence  o f  
b iliru b in . N e v e r th e le s s ,  under th e se  c o n d i t io n s  th ere  i s  r e l a t i v e l y  
l i t t l e  o f  the t o t a l  u r in a r y  pigment p r e c ip i t a t e d ,a n d  the su pern atant  
flu id  g iv e s  p r a c t i c a l l y  a s  s tro n g  a t e s t  fo r  u r o b i l i n  a s  the n a t iv e  
w in e . There may however be s u f f i c i e n t  pigment p r e se n t  in  the
p r e c ip i ta te  to  v i t i a t e  to  some e x te n t  the subsequent d i a z o - t e s t .
This d i f f i c u l t y , ,  however, can be overcome in  a l l  u r in e s  so far  examined 
by the w r i t e r ,  by e x t r a c t in g  the  barium p r e c i p i t a t e  w ith  a l i t t l e  
aloohol weakly a c i d i f i e d  w ith  phosphoric  a c i d ,  adding about two 
volumes o f  w ater  to  th e  a l c o h o l i c  e x t r a c t ,  a few drops o f  ammonium 
sulphate s o lu t io n ,a n d  f i n a l l y  r e p r e c i p i t a t i n g  w ith  barium c h lo r id e *
The r e s u l t a n t  barium p r e c i p i t a t e  th e n  g i v e s  a c h a r a c t e r i s t i c  d ia z o -  
reaotion  i f  b i l i r u b i n  i s  p r e sen t  in  the o r ig i n a l  u r in e .
P a t h o lo g ic a l  u r in e s  are so v a r ia b le  in  co m p o sit io n  th a t  
i t  i s  im p o ss ib le  to  g iv e  d i r e c t io n s  co v er in g  a l l  t y p e s  fo r  such a 
tes t  a s  t h e  p r e sen t#  Ten c c .  o f  u r in e  may be regarded a s  a maximum 
amount to  use  when on ly  t r a c e s  o f  b i l i r u b i n  are p r e sen t ,  and a s  
l i t t l e  a s  1 c c , ,  d i l u t e d  to  5 c c .  w ith  w a te r t i s  s u f f i c i e n t  in  many 
i c t e r ic  u r in e s .  In  most c a s e s  the  t e s t  i s  s a t i s f a c t o r i l y  performed  
as fo l lo w s:
To 5 c c .  o f  u r in e  in  a 15 c c ,  o e n t r i f u g e - t u b e ,  E o c .  o f  10  
per cent, barium c h lo r id e  are added, and the c o n te n ts  mixed and 
cen tr ifuged . The su pern atant f l u i d  i s  poured o f f ,  the p r e c i p i t a t e  
hashed w ith  a few o o . o f  w a te r ,  a g a in  c e n t r i f u g e d ,  and the  l i q u i d  
Poured o f f .  0 .5  c c .  o f  d ia z o -r e a g e n t  i s  now added and the p r e c i p i t a t e
stirred  with, a g l a s s  rod . Two o c .  o f  96 per cen t, a l c o h o l  are th en  
added and the c o n te n t s  m ixed. As the  m ixture a t  t h i s  s ta g e  i s  
almost fr e e  from b u f f e r in g  su b sta n ces  c o u p lin g  i s  a c c e le r a t e d  by 
the a d d it io n  o f  0 .3  c c .  o f  6 per c e n t  JtegHPO^lEHgO s o l u t i o n ^  
pyovioual y  d e o e r ib o cL. The c o lo u r  thu s ob ta in ed  in  th e  p resen ce
4A)l(i\s
of b i l i r u b in  i s  o f  the same hue a s  th a t  ob ta in ed  the d ia z o -r e a g e n t  
from i c t e r i c  serum#
Urine g e n e r a l ly  c o n ta in s  enough fr e e  su lp h a te  fo r  the  
p r e c ip i ta t io n  o f  b i l i r u b i n  by t h i s  method. The r e a c t io n  o f  the  u r in e  
need not be a l t e r e d  b e fo r e  a d d i t io n  o f  the  barium c h lo r id e  u n le s s  i t  
i s  a lk a l in e ,  in  w hich c a se  i t  sh ou ld  be made w eakly a c id  w ith  a c e t i c  
acid.
In h ig h ly  pigm ented u r in e s  the  barium p r e c i p i t a t e  i s  
obtained a s  above. I t  i s  th en  s t i r r e d  w ith  £ c c .  o f  96 per cen t,  
alcohol to  which has been added one drop o f  10 per c en t ,  phosphoric  
a®id# The c o n te n t s  a re  c e n tr i f u g e d  and the su pern atant f l u i d  tr a n s ­
ferred to another  tu b e , a lo n g  w ith  4 c c .  o f  w a te r .  E drops o f  10 per 
oent.ammonium su lp h a te  are  added, fo l lo w e d  by £ c c .  o f  10 per c en t ,  
barium c h lo r id e ,  and th e  b i l i r u b i n  th u s  r e p r e c i p i t a t e d .  The 
centrifuged p r e c i p i t a t e  i s  th e n  t r e a t e d  w ith  d ia z o -r e a g e n t ,  a lc o h o l ,
32,
and sodium phosphate, a s  above . There appears to  be very  l i t t l e  l o s s  
in the p r o c e ss  o f  r e p r e c i p i t a t i o n .
I t  would appear to  the w r i t e r  th a t  t h i s  t e s t  should  prove  
usefu l fo r  th e  d e t e c t io n  o f  b i l i r u b i n  in  u r in e ,  e s p e c i a l l y  when 
other t e s t s  y i e l d  in c o n c lu s iv e  r e s u l t s .  I t  i s  a t  l e a s t  a s  s e n s i t i v e  
as any o th er  t e s t  d e v ise d  (th e  Huppert-Cole t e s t  having been t r i e d  
in p a r a l l e l  w ith  i t )  and may be regarded a s  e n t i r e l y  s p e c i f i c  fo r  
b i l ir u b in ,  a s  in d o le  and in d o xy l are not p r e c i p i t a t e d  by
barium c h lo r id e  in  a c id  so lu t io n #  In c e r t a i n  b i l i r u b i n - f r e e  u r in e s  
a s l ig h t  brownish c o lo u r  has been ob ta in ed  on treatm ent o f  the  
barium p r e c i p i t a t e  w ith  th e  d ia z o -r e a g e n t .  For t h i s  r ea so n  the  
colour ob ta in ed  should  be t e s t e d  w ith  s tron g  a c id  and a l k a l i  towards  
which the brown c o lo u r  i s  i n e r t .  I f  the co lo u r  i s  due to  a z o b i l i r u b in ,  
acid changes i t  to  a p u r p l is h -b lu e ,a n d  a l k a l i  to  a b r ig h t  g r ee n  c o lo u r .  
By th is  means p o s i t i v e  p r o o f  can  be ob ta in ed  o f  the  p resen ce  or 
absence o f  b i l i r u b i n  in  u r in e .
I t  would appear th a t  w ith  l i t t l e  change in  techn iqu e  the  
test  could r e a d i l y  be adapted to  the  q u a n t i t a t iv e  e s t im a t io n  o f  
bilirub in  in  u r in e .
?*2>
Summary to  the Q u a l i ta t iv e  and Q u a n t ita t iv e  D eterm in ation  
o f  B i l i r u b in  by means o f  the  D iazo-R eagent.
The b a s io  p r i n c i p l e s  o f  the method fo r  the e s t im a t io n  o f  
b il ir u b in  by the d ia z o -r e a g e n t  have been re-exam in ed , and d e t a i l s  
given for  the  p r e c i s e  d e ter m in a tio n  o f  b i l i r u b i n  in  pure s o l u t i o n  or 
in blood serum*
The p o s s i b i l i t i e s  o f  d e t e c t in g  b i l i r u b i n  in  i c t e r i c  u r in e  
by means o f  the  d ia z o -r e a g e n t  have been r e i n v e s t i g a t e d ,  and a 
s a t i s fa c to r y  q u a l i t a t i v e  t e s t ,  which might form the b a s i s  o f  a 
q u an tita t ive  method, has been  d e sc r ib e d .
U r o b il in o g e n
E h r l ic h  jlB83; 1884^ c a l l e d  a t t e n t io n  to  a second d ia z o - r e a c t io n  
obta inable  in  a c id  u r in e ,  which, in  c o n t r a d i s t i n c t io n  to  the  primare 
Verdunklung g iv e n  by b i l i r u b i n ,  he d e s c r ib e s  a s  the  primare V ergilbung  
or primary E ig e lb  r e a c t i o n .  When the urine  i s  mixed w ith  an equal
rv  ---- —
volume o f  d ia z o -r e a g e n t  an orange c o lo u r  d e v e lo p s .  When made a lk a l in e  
with ammonia the c o lo u r  i s  changed to  su lp h u r -y e l lo w , but the l a t t e r  
change i s  f r e q u e n t ly  masked by the p resen ce  o f  o ther  p igm en ts . He 
observed th a t  under c e r t a i n  c o n d i t io n s ,  "with a c e r t a i n  e x c e s s  o f  
d iazob en zen e-su lp h on ic  a c id " ,  the orange s o l u t i o n  can be changed to  
a dye which in  s tro n g  a c id  s o l u t i o n  i s  a f lu o r e s c e n t  b l u e - v i o l e t  
co lou r, in  weak a c id  g r e e n ,  in  weak a l k a l i  y e l lo w  and in  s tr o n g  
a lk a l i  r ed . The su bstance  g iv in g  the  t e s t  was found to  be e x tr a o ta b le  
from u r in e  by e t h e r ,  i s  f r e q u e n t ly  found in  d ia r r h o e a l  s t o o l s ,  and 
most f r e q u e n t ly  in  the u r in e  in  c a s e s  d e sc r ib e d  by Gterhardt as  
"u rob ilin  i c t e r u s " .  From th e s e  f in d in g s  he concluded  ^E hrlich , 1886^ 
that the substanoe  g iv in g  the  r e a o t io n  i s  u r o b i l in o g e n .
Ho fu r th e r  a t t e n t i o n  was g iv e n  to  the su b je c t  u n t i l  Thomas 
i 90! l  showed t h a t  t h i s  r e a c t io n  p a r a l l e l e d  the E h r l io h  p-dimethylamino*
benzaldehyde r e a o t io n  in  u r in e ,  a lth ou gh  i t  was found to  be I t s *
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sensitive than the latter test.
F isch er  j l 9 1 l |  , by sodium amalgam r e d u c t io n  o f  b i l i r u b in ,p r e p a r e d  
a substance which he c a l l e d  h e m ib i l ir u b in  which i s  s t a t e d  to  form a 
dye w ith  d i a z o - s a l t s .  This changes q u ick ly  in  a i r  to  a red orange  
pigment. H em ib il iru b in  was shown by F isch er  and Meyer-Betz j l9 1 lj  to  be 
the same su b stan ce  as  u r o b i l in o g e n  prepared by them i n  c r y s t a l l i n e  form 
from u r in e .  F isch er  [1912^ s t a t e s  th a t  u r o b i l in o g e n  i s  th e  su b sta n ce  
giving the  E h r lic h  primary E ig e lb  r e a c t io n  in  u r in e .
The c o lo u r-c h a n g es  w ith  a c id s  and b a se s  o f  th e  azoAu r o b i l in o g e n  
described by E h r lic h  have not a g a in  been r ec o rd ed . I t  would appear  
probable th a t  o e r t a in  o f  th e se  were o b ta in ed  from e th er  e x t r a c t s .  I  
have been a b le  p a r t i a l l y  to  confirm  Ehrlich* s f in d in g s  and w ith  more 
su itable  m a te r ia l  i t  i s  p robab le  th a t  they  may(be\^e1j/ c o m p le te ly  con­
firmed. In a dark room 300-400  c c .  o f  normal u r in e  a re  passed  in to  a  
beaker, made a l k a l i n e  w ith  a s o l u t i o n  6£ sodium b ic a rb o n a te ,  and shaken  
with 20-30 c c .  o f  pure ch loroform  in  a se p a ra to ry  f u n n e l .  The ch loroform  
emulsion i s  se p a r a ted , c e n tr i fu g e d ,  and f i l t e r e d  through a dry paper, so 
that i t  i s  o b ta in ed  q u i t e  f r e e  from d r o p le t s  o f  w a te r .  The c o lo u r l e s s  
ehloroform s o l u t i o n  i s  th en  evaporated  to  d ryn ess  a t  a low tem perature,
^(o
and the  r e s i d u e  t a k e n  up i n  1 -2  oc* o f  a l c o h o l .  The whole p r o c e d u r e  
i s  conducted  w i t h  a s  l i t t l e  e x po su re  to  l i g h t  a s  p o s s i b l e ,  b u t  a  p i n k i s h
brown c o lo u r  i s  a lw ays  p r e s e n t  i n  t h e  r e s i d u e .  A few d ro ps  o f  t h e  
a lc o h o l i c  s o l u t i o n  added  t o  a  l i t t l e  E h r l i c h 1s a ld e h y d e  s o l u t i o n  g i v e s  
a b r i g h t  r e d  c o lo u r ,  even w i t h o u t  h e a t .
I f  t o  0 . 5  c c .  o f  t h e  a l c o h o l i c  s o l u t i o n  a  few d ro p s  o f  E h r l i c h ' s
QAJL,
d ia z o - r e a g e n t  added an  o ran g e  c o lo u r  d e v e lo p s  i m m e d ia te ly .  Th is  
orange c o lo u r  i s  q u i c k l y  changed t o  a  c l e a r  y e l lo w  on t h e  a d d i t i o n  o f  
a few drops  o f  ammonia, and more s lo w ly  t o  a  d a rk  r e d  i f  a  l a y e r  o f  
s t rong sodium h y d r o x i d e  i s  r u n  be low t h e  s o l u t i o n .  The r e d  s o l u t i o n  
shows two s t r o n g  s p e c t r a l  b a n d s ,  one i n  t h e  p o s i t i o n  o f  t h e  u r o b i l i n  
band, and p r o b a b l y  due to  u r o b i l i n  i n  t h e  o r i g i n a l  s o l u t i o n ,  and a  
second p o o r l y  d e f i n e d  b and  o f  maximum d a r k n e s s  a b o u t  ) \ s  590p^ •
This behaviour w ith  weak and str o n g  a l k a l i e s  i s  in  accordance w ith  
E h rlich 's  f in d in g s .
With r e g a r d  t o  t h e  f a c t  t h a t  b o t h  b i l i r u b i n  and u r o b i l i n o g e n  
fo ra  a z o -d y e s  i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  an  i n t e r m e d i a t e  r e d u c t i o n  
product ,  me8 0 b i l i r u b i n  does  l i k e w i s e .  The r e l a t i o n s h i p  o f  t h e  t h r e e  
subs tances  i s  shown; t h e y  d i f f e r  by 4 hy d rog en  atoms -
°33H36H4°6 " B i l i r u b i n .
G33H40^4G6 " M e s o b i l i r u b i n .
G33**44^4 G6 “ M e s o b i l i r u b i n o g e n ,  H e m i b i l i r u b i n ^ o r
U r o b i l in o g e n *
As an e x p l a n a t i o n  *#e£ t h e  f o r m a t i o n  o f  a z o b i l i r u b i n  i t  was s u g g e s t e d
by Fischer and B a r r e n s c h e e n  t h a t  a n  a z o - g r o u p  m igh t  a t t a c h  i t s e l f
to an u n s a t u r a t e d  s i d e - c h a i n  i n  t h e  b i l i r u b i n  m o l e c u l e ,  b u t  t h e  f i n d i n g
of Fischer  and Uiemann [ l924] t h a t  m e s o b i l i r u b i n ,  which has  s a t u r a t e d
side-ohains, c o u p le s  w i t h  d i a z o b e n z e n e - p - s u l p h o n i c  a c i d  or w i t h  d ia z o b e n s e n e
chloride to  form r e d d i s h - v i o l e t  dyes  p r e c l u d e s  t h i s  p o s s i b i l i t y .  With
diasobenzene c h l o r i d e  m e s o b i l i r u b i n  forms s h i n i n g  l e a f l e t s  m-p* 192° ,  o f
the composit ion CggHgQN^Og.fNg.CgHg.HCllg. M e s o b i l i r u b i n - d i m e t h y l e s t e r
forms a s i m i l a r  dye o f  a n a lo g o u s  com pos i t ion*  m .p .  17 8 ° .  The dye from
mesobilirubin i s  more s o l u b l e  i n  c h lo r o f o r m  t h a n  t h e  c o r r e s p o n d i n g  dye from
bili rubin .  I n  t h e  c a s e  o f  m e s o b i l i r u b i n  c o u p l i n g  i s  a l s o  c o m p le t e .  The
colour changes o f  t h e  m e s o b i l i r u b i n  dye re s e m b le  t h o s e  o b t a i n e d  w i th  t h e
bisazo-dye from b i l i r u b i n .  The n e u t r a l  o r  s l i g h t l y  a l k a l i n e  s o l u t i o n  i s
r*d, the s t r o n g l y  a l k a l i n e  b l u e - v i o l e t ; and t h e  s t r o n g l y  a c i d  b l u e - v i o l e t *  
m eso b i l i rub in  dye c h ang es  c o l o u r  more r a p i d l y  n e a r  t h e  n e u t r a l  p o i n t
does th e  b i l i r u b i n  dye .  The shad e  o f  o o lo u r  i n  a c i d  s o l u t i o n  i s
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r e l a t e d  t o  t h e  d i s s o c i a t i o n  o f  t h e  a c i d  u s e d .  Thus i n  g l a c i a l  a c e t i c  
acid  (K •  0 .0 0 1 8 )  t h e  dye d i s s o l v e s  w i t h  a  v i o l e t  c o l o u r ,  b u t  w i t h  
90 pe r  c e n t . a c e t i c  a c i d  a  r e d d i s h  shad e  a p p e a r s ,  and  i n  d i l u t e  a c e t i c  
ac id  th e  c o l o u r  i s  p u r p l e - r e d .  I n  o x a l i c  a c i d  (K = 1 0 .0 )  even  i n  
g re a t  d i l u t i o n  t h e  c o l o u r  i s  s t i l l  b l u e .  The same i s  t r u e  f o r  g r e a t  
d i l u t i o n s  o f  m i n e r a l  a c i d .  F i s c h e r  and  Uiemann t h u s  c o n c lu d e  t h a t  t h e  
dye i s  d i s s o c i a t e d  i n  t h e  r e d  m o d i f i c a t i o n  b u t  u n d i s s o c i a t e d  i n  t h e  
b lu e .  A s i m i l a r  e x p l a n a t i o n  i s  p e r h a p s  more a p p l i c a b l e  to  t h e  c o l o u r
•i /  \changes o f  a z o - b i l i r u b i n  t h a n  t h a t  s u g g e s t e d  by P ro s o h e r  (see p .
INDOLE , SKATOLE. A!TI) INDOXYL.I I ■■ ■ ■ ■ f ■ - 1.1..... .....
Having c o n s i d e r e d  the  a c t i o n  o f  d iazo-com pounds  on p y r r o l e s  i t  
i s  in  o rd e r  t o  c o n s i d e r  in d o le  w hich  from a  s t r u c t u r a l  a s p e c t  may he 
regarded a s  a  f u s i o n  o f  th e  two c y c l i c  s t r u c t u r e s  benzene  and p y r r o l e ,  
and thus  s y s t e m a t i c a l l y  c a l l e d  b e n z o p y r r o l e , r e p r e s e n t e d  a s
p o s i t io n s ,  a s  shown.
in d o le  a m in o p r o p io n ic  a c i d ,  o r  t r y p t o p h a n e ,  by th e  a c t i o n  
of i n t e s t i n a l  b a c t e r i a  g i v e s  r i s e  t o  i n d o l e  and  a  number o f  d e r i v a t i v e s  
amongst which i n d o l e - p r o p i o n i c  a c i d ,  i n d o l e - a c e t i c  a c i d  ( th e  ehromogen 
of " u r o r o s e i n ” ) ,  f t  - m e t h y l i n d o l e  o r  s k a t o l e  a n d { i - h y d r o x y i n d o le  o r  
indoxyl have been  found  i n  t h e  i n t e s t i n a l  c o n t e n t s ,  i n  the  faeces> 
or in  the u r i n e .  I n d o l e  and s k a t o l e  a r e  normal  c o n s t i t u e n t s  o f  human 
faeces,  and in d o x y l  o f  human u r i n e .  In d o x y l  o c c u r s  i n  th e  u r i n e  a s  
"urinary i n d i o a n ’J a s  a  s a l t  o f  i n d o x y l - s u l p h u r i c  a c i d  o r  i n d o x y l -  
Slycuronic a c id ^ a n d  i n  c e r t a i n  p l a n t s  a s  " i n d i c a n ” i n  th e  form o f  a
C  ------  GH (i.CH
GH C GH oU
the s u b s t i t u e n t s  i n  t h e  p y r r o l e  n u c l e u s  b e in g  d e n o te d
g luoos ide .  A l though  a l l  o f  t h e s e  s u b s t a n c e s  have a  I r e e  methane g roup  
in the ^ - p o s i t i o n ,  y e t  t h e y  do n o t  a l l  r e a c t  w i th  d iazo-com pounds ;  
and i n  t h o s e  t h a t  do t h e r e  a r e  n o t a b l e  d i f f e r e n c e s  i n  b e h a v i o u r .
Of the  s u b s t a n c e s  m en t io n ed  above t h e r e  a p p e a r s  t o  be no r e c o r d  
of the  b e h a v io u r  o f  i n d o l e - p r o p i o n i c  a c i d  and i n d o l e - a c e t i c  a c i d  
towards d iazo -com pounds .  I t  would be o f  i n t e r e s t  to  know t h e i r  be ­
haviour a s  the  m othe r  s u b s ta n c e  t r y p t o p h a n e  does n o t  c o u p le  w i th  
diazo compounds ,whereas  s k a t o l e  d o e s .  The a c t i o n  of  d iazo-com pounds  
on i n d o l e , s k a t o l e ?and in d o x y l  may be c o n s i d e r e d  a t  g r e a t e r  l e n g th .  
Indo le .
B e n z e n ea zo in d o le  was p r e p a r e d  by P i e r o n i  ^92 lTJ . Madelung and  
Wilhelmi p r e p a r e d  b e n z e n e a z o in d o le  by th e  g r a d u a l  a d d i t i o n  o f
a methyl a l c o h o l  s o l u t i o n  o f  i n d o le  t o  a  s o l u t i o n  o f  ben zen ed iazo n iu m  
chlor ide  made a l k a l i n e  w i t h  s o d i u m - c a r b o n a t e . The s u b s t a n c e ,  ^ 4 % ^ %  ’ 
was o b ta in e d  a s  y e l lo w -b ro w n  c r y s t a l s  m .p .  183-134 .
Pauly  and  Oundermann | l 9 0 8  ”[ found  t h a t  i n d o l e  c o u p le s  r e a d i l y  
with d iazo-compounds i n  a l k a l i n e  s o l u t i o n .  There a r e  a  number o f  
other r e c o r d s | e . g .  M o nfe t ,  1903; H e r z f e l d ,  1 9 2 2 j t h a t  i n d o le  g i v e s  
ooloured s o l u t i o n s  w i t h  the  d i a z o -c o m p o u n d s ,b u t  l i t t l e  a t t e n t i o n  has
been g iv en  to w a rd s  d e t e r m i n i n g  the  b e s t  c o n d i t i o n s  f o r  c o u p l i n g .  My 
own o b s e r v a t i o n s  on th e  t e s t  a r e  a s  fo l low s*
Jfehlbaum) we* d i s s o l v e d  i n  10 c c ,  o f  96 p e r  
c e n t .a lc o h o l*  One c c .  o f  t h i s  s o l u t i o n  was made to  10 c c .  w i t h  w a t e r ,
and l a t e s t  p o r t i o n s ,  c o n t a i n i n g  0 .2  mg. o f  i n d o l e  were u s e d ^ f o r  t h e
-      —  ~        —   — "—
following t e s t s ^ a l o n g  w i t h  0 . 5  c c .  o f  E h r l i c h Ts d i a z o - r e a g e n t ^ )
A. 1 c c .  o f  t e s t  s o l u t i o n  + 0 . 5  c c .  o f  d i a z o - r e a g e n t —) brown oo lou r#
B. " ly '' " ir + sodium a c e t a t e -------------»
c l e a r  y e l l o w  o o l o u r .
C. 1 o c .  o f  t e s t  s o l u t i o n  + 0 . 5  c c .  o f  d i a z o - r e a g e n t  + 1 drop  oonC
h y d r o c h l o r i c  a c i d —^ deep p u r p l e  c o l o u r .
D. 1 c c .  o f  t e s t  s o l u t i o n  + 0 . 5  c c .  o f  d i a z o —r e a g e n t  + 0 . 1  cc* o f
2 .5  norm al  sodium h y d r o x i d e —^ ye l low  o o l o u r  w i t h  o range  t i n g e .
B. 1 c c .  o f  t e s t  s o l u t i o n  + 0 . 5  o c .  o f  d i a z o - r e a g e n t  + ff&gCQg — ^
y e l lo w  o o lo u r*
The b e s t  c o n d i t i o n s  f o r  c o u p l i n g  t h u s  a p p e a re d  t o  be i n  p re s e n c e  
of s t rong  a c i d .  The t e s t  u n d e r  t h e s e  c o n d i t i o n s  was r e p e a t e d  w i t h  
1 oo. o f  t e s t  s o l u t i o n  c o n t a i n i n g  0 .0 2  mg. o f  i n d o l e .  A b e a u t i f u l  
olear r ed  s o l u t i o n  i s  t h u s  o b t a i n e d ,  t h e  r e a o t i o n  b e in g  promoted by 
heating f o r  a  s h o r t  t im e  i n  a  b o i l i n g  w a t e r  b a t h .  Under t h e  same 
oonditionB 0 .0 0 2  mg. o f  i n d o le  g i v e s  m e r e ly  a  t r a c e  o f  c o l o u r ,  b u t
of the  same p u r p l i s h - r e d  hue .  The t e s t  i s  t h u s  s e n s i t i v e  to  a  
d i l u t i o n  o f  a b o u t  1 i n  7 5 0 ,0 0 0 ,  and compares f a v o u r a b l y  i n  d e l i c a c y  
with the  b e s t  t e s t s  we p o s s e s s  f o r  i n d o l e .
The p u r p l i s h - r e d  a z o - o o l o u r  i n  a c i d  s o l u t i o n  shows a  g e n e r a l  
s p e c t r a l  a b s o r p t i o n  be tw een  th e  D and E l i n e s .  On a d d in g  a  l a r g e  
excess o f  s t r o n g  h y d r o c h l o r i c  a c i d  t h e  c o l o u r  r e m a in s  p r e d o m i n a n t l y  
red though a c q u i r i n g  a  l i t t l e  more b l u e .  On th e  a d d i t i o n  o f  sodium 
hydroxide t h e  a z o i n d o l e  r a p i d l y  c h an ges  t o  an  u n s t a b l e  b l u i s h - g r e e n  
oolour.
I t  would  n o t  a p p e a r  t h a t  t h e  a z o i n d o l e  t h u s  p r e p a r e d  by 
coupling i n  s t r o n g  a c i d  s o l u t i o n  i s  t h e  same su b s ta n c e  a s  t h a t  d e s ­
cr ibed  by Madelung and W ilhe lm i  ^1924^ by c o u p l i n g  i n  a l k a l i n e  
s o lu t io n .  The s i m i l a r i t y  i n  t h e  b e h a v i o u r  o f  i n d o le  and  p y r r o le  
with r e s p e c t  to  t h e  r e a o t i o n  o f  t h e  c o u p l i n g  medium i s  s t r i k i n g ^  p. I 1?
Skatole
I t  was o b se rv e d  by Emil F i s c h e r  [ l886]  t h a t  J^-methyl i n d o le  c o u p le s  
®&8ily w i th  d i a z o b e n z e n e  c h l o r i d e  i n  p r e s e n c e  o f  sodium a c e t a t e  t o  
form ye l low  n e e d l e s  o f  th e  c o n s t i t u t i o n ;
s
Under the  same c o n d i t i o n s  N-methyl  i n d o le  coup le j l  f a i r l y  r e a d i l y ,  b u t  
skatole  r e a c t s  v e r y  s lo w ly  an d  g i v e s  r i s e  to  d i f f e r e n t l y  c o n s t i t u t e d
with JL-methyl- and w i t h  X -P ^eny l i n ^ o l e .  The l a t t e r  d o es  n o t  r e a c t  
with phenyl  i s o c y a n a t e ,  and t h u s  h a s  t h e  a z o - g r o u p  i n  t h e  /3 - p o s i t i o n ^
acid^in  the  p r e s e n c e  o f  sodium h y d r o x i d e , g i v e s  c o l o u r e d  s o l u t i o n s
with in d o le  and o L - m e th y l in d o le ,  b u t  n o t  w i t h  s k a t o l e ,  Ji'-fi - d i m e t h y l i n d o l e
nor w i th  t r y p to p h a n e *
My own o b s e r v a t i o n s  w i t h  s k a t o l e  a r e  a s  f o l l o w s :
A so lu t io n  o f  s k a t o l e  (Kahlbaum) c o n t a i n i n g  0*2 mg* p e r  cc* was made 
as f o r  in d o le  and t h e  f o l l o w i n g  t e s t s  perform ed*
A* 1 c c .  o f  t e s t  s o l u t i o n  + 0*5 c c .  o f  d i a z o —r e a g e n t —>y e l lo w  c o l o u r ,  
less  marked t h a n  f o r  ind o le*
products .  P l a n c h e r  and  S o n c in i  [ l9o5\  r e c o r d  s i m i l a r  o b s e r v a t i o n s
C
The sameworkers observed t h a t  i n d o le  and  s k a t o l e  s c a r c e l y  r e a c t  w i th
diazobenzene c h l o r i d e  i n  t h e  p r e s e n c e  o f  sodium a c e t a t e *
P a u ly  and Gundermann obse rved  t h a t  d i a z o b e n z e n e - s u l p h o n i c  
B* 1 c c .  o f  t e s t  s o l u t i o n  + 0 .5  c c .  o f  d i a z o - r e a g e n t  + sodium 
a c e t a t e - *  mo re  orange  t h a n  f o r  i n d o l e .
C. 1 o c .  o f  t e s t  s o l u t i o n  + 0 .5  c c .  o f  d i a z o - r e a g e n t  + 1 d rop  
oonC. h y d r o c h l o r i c  a c i d —»a h u f f  c o l o u r ,  l e s s  i n t e n s e  t h a n  th e  
c o r r e s p o n d i n g  i n d o l e  c o lo u r*
D. 1 c c .  o f  t e s t  s o l u t i o n  + 0 .5  oc .  o f  d i a z o - r e a g e n t  + 0 . 1  c c .  o f
2 .5  no rm al  sodium hydol©xide-*no c o l o u r  -  c o n f i r m in g  P a u ly  and 
Grundermann*
E. 1 c c .  o f  t e s t  s o l u t i o n  + 0 .5  c c .  o f  d i a z o  r e a g e n t  + Ha C O -—*2 &
v e ry  p a l e  y e l lo w  l i k e  th e  c o r r e s p o n d i n g  i n d o le  s o l u t i o n .
The a d d i t i o n  o f  sodium h y d ro x id e  t o  th e  h u f f  s o l u t i o n  o b t a i n e d  u n d e r  
0 was fo l lo w e d  by th e  a p p e a ra n o e  o f  a  y e l l o w i s h - g r e e n  c o l o u r .
Tryptophane g iv e s  no o o lo u r  under any c o n d it io n s  w ith  the d ia z o -  
reagent.
Indoxyl
By the  a o t i o n  o f  d ia z o b e n z e n e  c h l o r i d e  on an  aqueous  d i l u t e  hydro­
chloric  a c i d  s o l u t i o n  o f  i n d o x y l ,  B aeyer  1883 p r e p a r e d  a  compound 
of the c o m p o s i t io n  C ^ H ^ H ^ O ,  c o n s i s t i n g  o f  o range  c o l o u r e d  p r i s m s ,  
®*P* 236 , i n  v e r y  d i l u t e  s o l u t i o n s  he o b t a i n e d  a  y e l l o w i s h  r e d  
colour, and recommended t h e  r e a o t i o n  a s  a  means o f  t e s t i n g  f o r  sm a l l  
amounts o f  i n d o x y l .  He r e g a r d e d  t h e  compound a s  b e in g  o f  t h e  p ro b a b le
c o n s t i t u t i o n
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Heumann and B achofen  j l893]  r e p r e p a r e d  t h e  same s u h s ta n c e  a s  w e l l  a s  
p -su lp ho h en ze n ea zo in d o x y l .  They o b se rv e d  t h a t  t h e  a d d i t i o n  o f  sodium 
hydroxide t o  s o l u t i o n s  o f  t h e  b u f f  a z o -d y e  g i v e s  r i s e  to  a  d a rk  p u r p l e -  
red o o lo u r .  The q u e s t i o n a b l e  c o n s t i t u t i o n  a t t r i b u t e d  by Baeyer  to  
azoindoxyl does  n o t  a p p e a r  t o  have been  re -exam ined#
From a  b i o c h e m i c a l  and m e d ic a l  a s p e c t  a t t e n t i o n  has  i n  r e c e n t  
years been r e d i r e c t e d  t o  t h i s  t e s t  f o r  i n d o x y l .  When i n v e s t i g a t i n g  
the h y p o b i l i r u b i n a e m i a  i n d i c a t e d  by th e  van  den Bergh t e s t  ( v . B i l i r u b i n )  
in uraemic s e r a ,  Andrew^ | l 9 2 4 j  found  t h a t  a  b u f f  o o l o u r  d e v e lo p e d ,  
and t h a t  t h i s  was changed  by t h e  a d d i t i o n  o f  s t r o n g  a l k a l i  t o  a  b r i g h t  
rad o o lo u r .  The b u f f  o o l o u r  was found  t o  be slow t o  d e v e lo p  a t  room 
temperature b u t  H e w i t t  [l925] showed t h a t  t h e  o o l o u r  d ev e lo p ed  q u i o k ly  
on the a p p l i c a t i o n  o f  h e a t .  A c co rd in g  to  H e w i t t  t h e  o o l o u r  was n o t  
produced i n  p r e s e n c e  o f  a c e t i o  a c i d .  The w r i t e r  w i t h  Montgomery 
showed t h a t  th e  i n h i b i t i n g  a c t i o n  o f  a c e t i o  a c i d  i s  overcome by th e  
addition o f  s t r o n g  a c i d ,  from w hich  o b s e r v a t i o n  t h e  t e c h n iq u e  o f  t h e
tes t  was improved a c c o r d i n g  t o  th e  f o l l o w i n g  e x c e r p t  from our paper;(No9- '
\ /
"The t e s t  i s  p e r fo rm ed  by p r e c i p i t a t i n g  and c e n t r i f u g i n g  th e  
serum or plasma w i t h  2 volumes of  95 p e r  c e n t  a l c o h o l ,  t a k i n g  1 c c .  
of the s u p e r n a t a n t  f l u i d  i n  a  s m a l l  t e s t  t u b e ,  a d d in g  0 ; 4  c c . o f  the  
diazo r e a g e n t  and  0 .1  c c .  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  The tube  
is heated over  a  f l a m e ,  o r  i n  a  w a t e r  b a t h  a t  a b o u t  8 0 °C . ,  f o r  a  minimum 
of two m in u te s .  I f  th e  t e s t  i s  p o s i t i v e  the  b u f f  c o l o u r  w i l l  t h e n  have 
fully deve lo ped .  The tu b e  i s  c o o l e d  and 1 . 0  c c .  o f  E .5  normal  sodium 
hydroxide i s  added  and the  t u b e  q u i c k l y  i n v e r t e d .  The i n t e n s i t y  o f  t h e  
red co lou r  t h u s  p ro d u c e d  a c c o r d s  w i t h  t h e  b u f f  c o l o u r  o b t a i n e d  i n  a c i d  
solution.  As the  b u f f  c o l o u r  i s  v e ry  s t a b l e  i t  i s  the  more s u i t e d  f o r  
comparative t e s t s .  At an y  r a t e  i t  o a n  be p r e s e r v e d  u n t i l  i t  i s  c o n v e n ie n t  
to add a l k a l i  t o  a  s e r i e s  o f  t u b e s  a t  the  one t im e .
As o r i g i n a l l y  p o i n t e d  o u t  by Andrewss the  s e co n d a ry  r e d  c o l o u r  i s  
produced on ly  by the  a d d i t i o n  o f  s t r o n g  a l k a l i .  Nor. w i l l  t h i s  c o lo u r  
d8T«lop w i th  s t r o n g  a l k a l i  i n  t h e  p r e s e n c e  of  a  l a r g e  amount o f  ammonia. 
So that  ammonium s u l p h a t e  c a n  n o t  be u se d  i n  t h i s  t e s t  i n  a s s o c i a t i o n  
*ith a lc oh o l  t o  p r e c i p i t a t e  th e  p r o t e i n s  from t h e  serum a s  recommended 
by ^ n n h a u s e r  and  A n de rsen  f o r  t h e  van  d e n  Bergh t e s t .
As i s  t r u e  f o r  the  d i a z o  r e a c t i o n  w i t h  b i l i r u b i n  t h e r e  must be 
no excess  o f  n i t r o u s  a c i d  i n  th e  d i a z o  r e a g e n t  u sed  f o r  th e  p r e s e n t  
t e s t . "
Hunter  and Montgomery f u r t h e r  showed t h a t  the  t e s t  was o b t a i n a b l e  
with normal human u r i n e .
F i n a l l y ,  H a r r i s o n  and B ro m f ie ld  ^ 2 7 ^  showed c o n c l u s i v e l y  t h a t  
the s o - c a l l e d  A n drew es1 d i a z o - t e s t  i s  due t o  i n d o x y l .  I t  i s  g i v e n  by 
potassium in d ox y l  s u l p h a t e  and  by N - a c e t y l i n d o x y l .
This v e ry  d e l i c a t e  t e s t  f o r  in d o x y l  m ig h t  w e l l  be made th e  b a s i s  
of a method f o r  the  d e t e r m i n a t i o n  o f  " u r i n a r y  i n d i c a n "  i n  u r i n e  o r  i n  
pa tho log ica l  b lo o d  serum.
P a r t I I -  D i a z o - r e a c t l o n s  i n  a n  A l k a l i n e  C oup l ing  Medium.
I n t r o d u c t i o n  and R e a g e n t s .
As we have s e e n  i n  P a r t  I  t h e  on ly  ty p e  o f  s u b s t a n c e  which  r e a c t s  
in an a c i d  medium t o  g iv e  dyes  w i t h  d iazo-com pounds  i s  one c o n t a i n i n g  
the p y r ro le  n u c l e u s .  As a r o m a t i c  a m in e s ,  which  form dyes  u n d e r  th e  
same c o n d i t i o n s ^ d o  n o t  e x i s t  i n  b i o l o g i c a l  m a t e r i a l ,  d i a z o - r e a c t i o n s  
in acid s o l u t i o n  a r e  th e e  h i g h l y  s p e c i f i c  f o r  p y r r o l e  d e r i v a t i v e s .
In an a l k a l i n e  c o u p l i n g  medium, however,  v a r i o u s  s u b s t a n c e s  o f  d i f f e r e n t  
s t ru c tu re ,  such  a s  p h e n o l s ,  i m i n a z o l e s ,  t h i o l i m i n a z o l e s ,  p y r im id in e s ^  
and p u r in e s ,  form dyes  w i t h  d iazo -com pounds .  C e r t a i n  a l i p h a t i c  sub­
stances, a l l  a p p a r e n t l y  c o n t a i n i n g  a  t a u t o m e r i c  hydrogen,  such  a s  
aoetoacet ic a c i d  and a o e t a l d e h y d e , g iv e  u n d e r  c e r t a i n  c o n d i t i o n s  i n t e n s e  
colours w i th  d iaz o -co m po u nd s .  L a s t l y  may be m en t io n ed  th e  unknown 
8uhstance c a l l e d  by Weiss "urochrom ogen"  which i s  r e s p o n s i b l e  f o r  th e  
true E h r l i c h  d i a z o - r e a c t i o n  of u r i n e  i n  c e r t a i n  f e b r i l e  c o n d i t i o n s .
From t h e s e  t y p i o a l  s u b s t a n c e s  we g e t  i n  most  c a s e s  t y p i c a l  d i s s o ­
l u t i o n s .  The ty p e  o f  d i a z o - r e a c t i o n  i s  d e te r m in e d  by such  f a c t o r s  a s  
shade o f  c o l o u r ,  t h e  sp e e d  o f  c o l o u r  d ev e lo p m e n t ,  t h e  s t a b i l i t y  o f
q < j
the c o lo u r ,  i t s  b e h a v i o u r  to w ard s  a c i d s  and a l k a l i e s , a n d  o t h e r  f a c t o r s  
which w i l l  be m e n t io n e d  u n d e r  th e  d i f f e r e n t  " t y p e s " .  I t  i s  our  p u rpose  
here m ere ly  to  o u t l i n e  and i n d i c a t e  m ethods  f o r  t h e  d i f f e r e n t i a t i o n  
of d i f f e r e n t  t y p e s  o f  d i a z o - r e a c t i o n  .
At the  p r e s e n t  p o i n t  i t  i s ,  however ,  n e c e s s a r y  to d i s c u s s  s h o r t l y  
the most s u i t a b l e  d i a z o - r e a g e n t s  t o  use under  d i f f e r e n t  c i r c u m s t a n c e s .
We have th e  c h o ic e  o f  t h r e e  main  d i a z o - r e a g e n t s  now i n  use  f o r  th e  
carrying out  o f  s o - c a l l e d  d i a z o - r e a c t i o n s .  They a r e  a s  f o l l o w s :
(1) The E h r l i c h  d i a z o  r e a g e n t  i^de s c r i b e d  on page 5 5 .
(£) The P a u ly  r e a g e n t ,  c o n s i s t i n g  o f  s o l i d  d i a z o b e n z e n e - p - s u l p h o n i c  
acid, isprepared a c c o r d i n g  to  P a u ly  J l904j ,  a s  f o l l o w s :
2 gm. o f  powdered s u l p h a n i l i c  a c i d  a r e  sh a k en  w i t h  3 c c .  o f  w a t e r  
and E cc .  of  c o n c .  h y d r o c h l o r i c  a c i d .  1 gm. o f  p o t a s s iu m  n i t r i t e  i n  
1 to £ cc .  o f  w a t e r  i s  g r a d u a l l y  a d ded  w i t h i n  one m inu te  t o  th e  c o o le d  
mixture. Most o f  t h e  s u l p h a n i l i c  a c i d  q u i c k l y  d i s s o l v e s  and t h e r e  a p p e a r s  
&t once in  i t s  s t e a d  a  t h i c k  w h i t e  c r y s t a l l i n e  p r e c i p i t a t e  o f  d iaz o b en zen e  
8ulphonic a c i d .  A f t e r  a  few m in u t e s  t h i s  i s  f i l t e r e d  by s u c t i o n  and 
^shed w i th  a  l i t t l e  w a t e r .
(3) The K o e s s l e r  and  Hanke r e a g e n t  is made from two s t o c k  s o l u t i o n s  
0^e88ler and Hanke,  1919|, a s  f o l l o w s :
loo
(a) S tock  s u l p h a n i l i c  a c i d  -  4 .5  gm. o f  s u l p h a n i l i c  a c i d  a r e  
dissolved in  45 c c .  o f  37 p e r  c e n t ,  h y d r o c h l o r i c  a c id  ( s p . g r .  1 .1 9 )  in  
a 500 cc .  f l a s k  and w a t e r  added t o  t h e  mark.
(b) S tock  sodium n i t r i t e . -  25 gm. o f  90 p e r  c e n t ,  sodium
n i t r i t e  a r e  d i s s o l v e d  i n  w a t e r  and  d i l u t e d  to  500 c c .
The r e a g e n t  i s  made from t h e s e  a s  follows*. 1 . 5  c c .  e ach  o f  th e  
stock s u l p h a n i l i c  a c i d  and  sodium n i t r i t e  s o l u t i o n s  a r e  m easured  i n t o  
a 50 cc .  v o l u m e t r i c  f l a s k .  The f l a s k  i s  t h e n  immersed i n  a n  i c e  b a t h  
for 5 m in u te s .  Then 6 c c .  more o f  t h e  s t o c k  n i t r i t e  s o l u t i o n  a r e  added 
and the well  m ixed s o l u t i o n  l e f t  i n  th e  i c e  b a t h  f o r  f i v e  m in u t e s .  Gold 
d i s t i l l e d  w a t e r  i s  t h e n  added  t o  th e  mark and t h e  f l a s k  r e t u r n e d  t o  th e  
ice bath where i t  i s  k e p t .  The r e a g e n t  sh o u ld  n o t  be used  f o r  a t  l e a s t  
15 minutes a f t e r  d i l u t i n g  w i t h  w a t e r .  I t  i s  s t a b l e  f o r  a t  l e a s t  24 h o u r s .
I t  has  b e en  p r e v i o u s l y  m en t io n e d  t h a t  t h e r e  i s  an  e x c e s s  o f
sulphanil ic  a c i d  i n  th e  E h r l i c h  r e a g e n t  i n  o r d e r  t o  e n s u re  th e  absence
°f free n i t r o u s  a c i d ;  a s  i n  t h e  p r e s e n c e  o f  n i t r o u s  a c i d  p y r r o l e  compounds 
a?e changed i n  such  a  way t h a t  t h e y  no l o n g e r  r e a c t  w i t h  th e  d iazonium  
compound. As we s h a l l  a l s o  s e e  n-f n i t r d u s  <Uib u m ai led  e f f e c t
occomfaozcs
” *^ *1   w i t h u r o o h r o m o g e n . cha ra c t e r whi c h 1+4* baea.
used tO '-advantage -byntheL_w r i t e r  i n  e lm r nv. 1trr'JUg1.1 ng th e  u r o c h r onroggn 
ty p e -e ^ d ia z o -» re a n t1  nrt. With p h e n o l s ,  im i n a z o l e s ,  t h i o l  i m i n a z o l e s ,
OU*v& UfrodlA&rHrt^ t*^
pyrimidines,-a»d p u r i n e s , /vhowgg g r , th e  p r e s e n c e  o f  ex ce ss  o f  n i t r i t e  
in a l k a l i n e  s o l u t i o n  h a s  no e f f e c t  on the  r e a c t i o n s .
I t  i s  t h u s  n e c e s s a r y  t o  use  a  r e a g e n t  f r e e  from n i t r o u s  a c i d
urv O/yv OujJ* 9
when t e s t i n g ,  p y r r o l e  d e r i v a t e s  i n c l u d i n g  b i l i r u b i n  and c e r t a i n  
substances r e l a t e d  t o  i t ; oJUo b  tvdtcw
( O t | A C X  K ibw vui Q-Cub 5 &  b* gM laJa^ c. h^gru , (yi*iujiA*-£ £*v £*n&C. }
 ^habnun*/***', 0*1 StJjst%*4f<9 (fUltWOo*- a^cltd Lc^  jlc<- Hcfiotu* £U*%*
The c h i e f  d i s a d v a n t a g e  o f  E h r l i c h ’ s r e a g e n t  l i e s  i n  t h e  f a c t  
that i t  g i v e s  a  c o l o u r  on t h e  a d d i t i o n  o f  a l k a l i e s ,  due t o  c o u p l in g  
with the unchanged s u l p h a n i l i c  a c i d  which  i t  c o n t a i n s .  T h is  i s  a  
serious d i s a d v a n t a g e  i n  ft c-oln-rir t.ftat. and p r a c t i c a l l y  p r e c l u d e s  i t s  
a p p l ica t io n  a s  a ^ huh**'
The use o f  s o l i d  p - d i a z o b e n z e n e - s u l p h o n i c  a c i d  i n  p r e s e n c e  o f  
sodium c a r b o n a t e  was recommended by P a u ly  Jl904) a s  a  d e l i c a t e  t e s t  
*or h i s t i d i n e ,  and i t  ha s  s i n c e  b een  w i d e l y  a d o p te d  a s  a  g e n e r a l  t e s t  
for the p re s e n c e  o f  t h e  g l y o x a l i n e  r i n g .  L ike  th e  E h r l i c h  r e a g e n t ,  
however, the  s u b s t a n c e  p r e p a r e d  a c c o r d i n g  t o  P a u l y ’ s d i r e c t i o n s  q u i c k l y  
gives a ye l low  c o l o u r , w h i c h  p r o g r e s s i v e l y  i n t e n s i f i e s  i n  th e  p r e s e n c e
of sodium a c e t a t e  or  sodium c a r b o n a t e ,  i n d i c a t i n g  th e  p r e s e n c e  o f  
unchanged s u l p h a n i l i c  a c i d .  I t  i s  t h u s  f r e q u e n t l y  d i f f i c u l t  t o  d e te r m in e ,  
without r e c o u r s e  to  c o n t r o l s ,  w h e th e r  t h e  c o l o u r  p roduced  i s  due to  
the r e a g e n t s  i n  t h e m s e lv e s  or  t o  the  p r e s e n c e  o f  th e  s u b s t a n c e  under  
i n v e s t i g a t i o n .  At any  r a t e  th e  f i n a l  shade o f  the  c o l o u r  i s  a l t e r e d  
hy the u n d e r l y i n g  y e l l o w  or orange  c o l o u r  a r i s i n g  from th e  r e a g e n t s .
Pauly recommends th e  use  o f  f r e s h l y  p r e p a r e d  s u b s t a n c e ,  a l t h o u g h  some 
workers use th e  d r i e d  powder which  i s  f a i r l y  s t a b l e  i n  th e  ab sen c e  
of l i g h t .  The l a t t e r  method i s , h o w e v e r ,  n o t  u n a t t e n d e d  by d an g e r  a s  
the d r i e d  p r o d u c t  h a s  been  known to  e xp lod e  v i o l e n t l y .
The K o e s s l e r  and Hanke r e a g e n t  was d e v i s e d  f o r  t h e  c o l o r i m e t r i c  
es t imat ion  o f  i m i n a z o l e s  and p h e n o l s .  The s u l p h a n i l i c  a c i d  u se d  i n  i t s  
p repa ra t ion  i s  c o m p l e t e l y  d i a z o t i s e d  and the  h y d r o c h l o r i c  a c i d  o r i g l n a j a y  
preaent c o m p le t e ly  c o n v e r t e d  i n t o  sodium c h l o r i d e  by th e  l a r g e  e x c e s s  
of sodium n i t r i t e  a d d ed .  I f  we examine i t s  c o m p o s i t i o n  i t  a p p e a r s  
d i f f i c u l t  on t h e o r e t i c a l  g ro u n d s  t o  j u s t i f y  th e  l a r g e  amount o f  sodium 
n i t r i t e  used  -  some s e v e n t y  t im e s  more t h a n  the  t h e o r e t i c a l  r e q u i r e m e n t  
for complete d i a z o t i s a t i o n , a n d  more t h a n  t h r e e  t im e s  th e  amount n e c e s s a r y  
to n e u t r a l i s e  t h e  h y d r o c h l o r i c  a c i d  i n  th e  s u l p h a n i l i c  a c i d  s o l u t i o n .
l o z
50 cc.  o f  the  r e a g e n t  c o n t a i n  a p p r o x i m a t e ly  0 .0 13 5  gm. o f  s u l p h a n i l i c  
acid ( d i a z o t i s e d ) , 0 .0 8  gm. o f  sodium c h l o r i d e , a n d  0 .2 7  gm. o f  sodium 
n i t r i t e ,  w i t h  some f r e e  n i t r o u s  a c i d .
The main r e a c t i o n  i n  th e  f i r s t  s t a g e  o f  th e  p r e p a r a t i o n  i s  
fo rm ula ted  a s :
( l)  SOgH. CgH^.NHg.HCl + HNOg ) SOgH. CJgH^.IT.Gl. + 2H<?0.
H
The n i t r o u s  a c i d  u se d  h e r e ,  however ,  amounts  t o  a b o u t  f o u r t e e n  t im e s  
the r e q u i r e m e n t  f o r  t h e  above e q u a t i o n  and some n e u t r a l i s a t i o n  o f  th e  
f ree  h y d r o c h l o r i c  a c i d  must  a l s o  o c c u r .
The a d d i t i o n  o f  th e  f i n a l  6 c c .  o f  sodium n i t r i t e  s o l u t i o n  le a d s  to
changes f o r m u l a t e d  by  K o e s s l e r  and Hanke a s  f o l l o w s :
(8) SOgH. C6H4 . NjCl + EH aNO gSO gNa.CgH ^NgH O g + HaCl + HNOg
(3) S0gHa.C,H„. N.N0o + H„0 -----* SOJJa.0 , 0 , . N.OH + HH0o
* o 4  in -c 2  ^  III
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S0„Na.CcH . .N.H v  S 0 J J a .C c H , .  H
3  6  4  | - 3  4  ||
NsO HO. If (A)
One or both o f  (A) and (B) are  regarded a s  the a c t iv e  co u p lin g  a g e n ts ,  
h^e a d d it io n  o f  a l k a l i  to  the rea g en t n e u t r a l is e s  the e x c e ss  o f  n itr o u s  
*oid and d is p la c e s  the e q u ilib r iu m  r ep re sen ted  in  eq u a tio n  (3) towards
A
4L
6 r ig h t, le a d in g  to  an in c r e a se  in  the c o n c e n tr a t io n  o f  the a c t  ir e
N
/ 0£t
coupling compounds (A) and (B).  With s t r o n g  a l k a l i  such a s  sodium
hydroxide t h e r e  would he th e  f o r m a t io n  o f  th e  d isod ium  s a l t :
SOJtfa. C.H. • N o 6 4 |j
Na.O.N ,
hut with weak a l k a l i  any  d iso d iu m  s a l t  formed would he r a p i d l y  h y d r o l y s e d  
hy water back  to  (A), s i n c e  t h e  normal d i a z o - h y d r a t e  (A) i s  a  weak a c i d .
The above e x p l a n a t i o n  by K o e s s l e r  and Han.ie o f  th e  u n d e r l y i n g  
p r in c ip le s  o f  t h e i r  r e a g e n t  i s  f o r  th e  most  p a r t  a c c e p t a b l e .  The a s s u m p t io n  
that  the n i t r o s a m i n e  isom er  (B) i s  an  a c t i v e  c o u p l i n g  c o n s t i t u e n t  i s  
perhaps open to  q u e s t i o n  a s  th e  n i t r o s a m i n e s  a r e  c o lo u r e d  (y e l lo w )  
compounds and cou p le  v e r y  s l o w l y  w i t h  p h e n o l s .  They a r e  f u r t h e r  g e n e r a l l y  
regarded a s  i n  e q u i l i b r u m  w i t h  th e  a n t i - ( i s o - )  d i a z o - h y d r a t e  (which a l s o  
couples s lowly)  r e p r e s e n t e d  a s :
Ar.tf Ar.NH
II I r a t h e r  t h a n  w i t h  t h e  s y n - ( n o r m a l - ) d i a z o - h y d r a t e
H.OH N»0,
(A) as r e p r e s e n t e d  by K o e s s l e r  and Hanke ^»ee S idgw ick ,The  Organic  
C h e m i s t r y  of  N i t r o g e n ,  1910 p. . 2 7 0 ^ .  The y e l lo w  c o l o u r  which a p p e a r s  
to old r e a g e n t s  i s  p e r h a p s  p a r t l y  due t o  n i t r o s a m i n e  f o r m a t i o n .
We may t h u s  r e g a r d  t h e  a c t i v e  c o u p l i n g  c o n s t i t u e n t  o f  t h e  K o e s s l e r  
and Hanke r e a g e n t  a s  t h e  s y n - ( o r  n o r m a l - )  d i a z o - h y d r a t e  (A), which  ind##4
-'M
is g e n e ra l ly  r e g a r d e d  a s  the  a c t i v e  c o u p l i n g  c o n s t i t u e n t  o f  any  d i a z o -  
reagent i n  an  a l k a l i n e  medium. The e s s e n t i a l  f e a t u r e s  o f  th e  r e a g e n t  a r e  
that i t  c o n t a i n s  no u n d i a z o t i s e d  s u l p h a n i l i c  a c i d ,  and t h u s  g i v e s  no 
colour w i th  sodium a c e t a t e  o r  w i t h  sodium c a r b o n a t e ,  and  s e c o n d l y ,  i t  
contains no s t r o n g  a c i d .  A r e a g e n t  embodying t h e s e  f e a t u r e s  s h o u ld  be 
obtainable w i t h  a b o u t  one t h i r d  t h e  amount o f  sodium n i t r i t e  employed 
by Koessler  and Hanke,  b u t  a s  i t  i s ,  t h e  r e a g e n t  i s  e m i n e n t l y  s u i t e d  
for the p u rp o se s  f o r  w hich  i t  was d e v i s e d  and i t  i s  d o u b t f u l  i f  th e  
labour e n t a i l e d  i n  t e s t i n g  new m o d i f i c a t i o n s  would . j u s t i f y  i t s e l f .
The K o e s s le r  and Hanke r e a g e n t  oan  be u se d  f o r  a l l  p u rp o se d  f o r  w h ich  
the Pauly r e a g e n t  has  been  p r e v i o u s l y  u s e d ,  and  i n  th e  w r i t e r ’ s o p i n io n  
the l a t t e r  c an  now be a d v a n t a g e o u s l y  d i s p e n s e d  w i t h .
j o b
Outline of different types oi diazo-reaction in alkaline solution 
(to be later discussed at length) with special reference to the 
writer*s own work.
1 .  The P h e n o l - t y p e .
Chemical .
D i s c u s s io n  of (a) t h e  " law s"  r e g u l a t i n g  the  f o r m a t i o n  o f
hydroxyaz  o~c ompounds.
(b) t h e  i n t e r m e d i a t e  p r o d u c t s  i n  th e  f o r m a t io n  
o f  hydroxyazo-com pounds .
(c) th e  s t r u c t u r a l  f o r m u l a t i o n s  o f  the  o- and p -  
s e r i e s  o f  hydroxyazo-compounds.
(d) f a c t o r s  g o v e rn in g  th e  speed  o f  f o r m a t i o n  o f  
hydroxyazo-com pounds.  j(Joldschmidt and Merz, 1897]•
Colorimetric detection and estimation of phenols by means of diazo- 
reagents.
The m ethods  o f  Hanke and K o e s s l e r  [l922.t]*
PromdOl to  Q.C3 mg. o f  t h e  p h e n o l  i s  u sed  i n  th e  e s t i m a t i o n .  The 
P-hydroxyazo-compounds a r e  p r e d o m i n a n t l y  y e l lo w ;  th e  o -h y d rox y azo -  
oompounds r e d .  Under th e  c o n d i t i o n s  o f  the  d e t e r m i n a t i o n  th e  t im e  o f
oolour development  i s  i n  m ost  o a s e s  f a s t ,  compared w i t h  o t h e r  compounds 
to be d e a l t  w i t h .
The a r t i f i c a l  c o lo u r  s t a n d a r d s  made from Congo r e d  and m e th y l  
orange by Hanke and K o e s s l e r  r e q u i r e  r e v i s i o n  i n  the  l i g h t  o f  th e  
w r i t e r ’ s f i n d i n g s  [Hunter, 1925J,  
p h y s i o l o g i c a l .
(a) The f r a c t i o n a t i o n  o f  d i f f e r e n t  t y p e s  o f  ph en o l  i n  b i o l o g i c a l  
or b a c t e r i o l o g i c a l  m a t e r i a l  a c c o r d i n g  to  Hanke and K o e s s l e r  [ l9£2,£j«
(b) P h e n o l s  i n  u r i n e  and b l o o d ,  and  the  d e g re e  to  w h ich  t h e y  a f f e c t  
d i a z o - r e a c t i o n s  i n  such  f l u i d s .
£. The Im in a z o le  o r  Grlyoxaline Type.
The im in a z o le  or g l y o x a l i n e  r i n g  i s  r e p r e s e n t e d  and numbered a s  
follows:
5. CH ------—  m  1 .
I >  *•
4.  GH -----------N 3.
the im in ic - h y d r o g e n  b e in g  a t t a c h e d  t o  e i t h e r  N-atom. The c h i e f  im in a z o le  
in b i o l o g i c a l  m a t e r i a l  i s  t h e  amino a c i d  h i s t i d i n e  f ^ j - a m i n o - d f o r - 5 ) -  
im in a z o le -p ro p io n ic  a c i d  )5 and th e  v a r i o u s  o t h e r  i m i n a z o l e s  may be 
regarded a s  d e r i v a t i v e s  o f  i t .  Thus i n  v e r t e b r a t e  m usc le  c a r n o s i n e ,  o r  
a l a n y l h i s t i d i n e 7f r e q u e n t l y  o c c u r s  i n  r e l a t i v e l y  h igh  c o n c e n t r a t i o n ,  
and in  i n v e r t e b r a t e  musc le  a r e l a t e d  im in a z o le  d e r i v a t i v e ,  c a l l e d  
a v e r t e b r i n ,h a s  r e c e n t l y  b e en  d e s c r i b e d  by K u t s c h e r  and Ackermann ^926j.
By the a c t i o n  o f  c e r t a i n  b a c t e r i a  on h i s t i d i n e  we may a l s o  o b t a i n  
4(o r -5 ) - i m i n a z o l e - p r o p i o n i c  a c i d ,  h i s t a m i n e ?and u r o c a n i c  a c id *  
T r im e th y lh i s t id in e  i s  o b t a i n a b l e  f rom c e r t a i n  mushrooms ^ e e  Barger^
The S im pieaN atura l  B a s e s 0191^ .
0hemi8trp-
Among th e  c h i e f  w o r k e r s  i n  th e  h i s t r o y  o f  th e  c h e m i s t r y  o f  th e  a z o -  
l*inazole8 a r e  Rung and Behrend B u r i a n  y P a u ly ,  [l904|^
t l a m j r f 1 ° ^ °  a n d  a b o v e  a l l  P y m a n  a n d  h i s  a s s o c i a t e s .  V/e ow e t o  
t h e  l a t t e r  i n d e e d  a  r e l a t i v e l y  c o m p l e t e  k n o w l e d g e  o f  t h e  l a w s  o f  
c o u p l i n g  i n  t h e  i m i n a z o l e  r i n g ,  a n d  m u c h  m i s c e l l a n e o u s  i n f o r m a t i o n  
on t h e  b e h a v i o u r  o f  i n d i v i d u a l  i m i n a z o l e s  i s  t o  b e  f o u n d  i n  fus 
n u m e r o u s  p a p e r s  i n  t h e  J o u r n a l  o f  t h e  C h e m i c a l  S o c i e t y  f r o m  1 9 1 0  
o n w a r d s .  F a r g h e r  a n d  P y m a n  [ 1919]  , i n  r e v i e w i n g  t h e  p o s i t i o n , t h u s  
c o n c l u d e  n — t h a t  g l y o x a l i n e s ,  i n  o r d e r  t o  b e  c a p a b l e  o f  c o u p l i n g ,  
m u s t  c o n t a i n  a  f r e e  i m i n o - g r o u p  a n d  a l s o  a  h y d r o g e n  a t o m ,  o r  s o m e  
o t h e r  d i s p l a c e a b l e  g r o u p ,  s u c h  a s  a  c a r b o x y l  g r o u p ,  i n  o n e  o f  t h e  
£ - ,  4 - ,  o r  5 -  p o s i t i o n s ,  a n d  t h a t  t h e  a r y l a z o g l y o x a l i n e s  h i t h e r t o  
p r e p a r e d  a r e  C - a z o - c o m p o u n d s . "
Colorimetric detection and estimation of iminazoles by means of 
diazo reagents.
D i a z o b e n z e n e - p - s u l p h o n i c  a c i d  d i s s o l v e d  i n  s o d i u m  c a r b o n a t e  a s  
r e c o m m e n d e d  b y  P a u l y  h a s  b e e n  t h e  m o s t  w i d e l y  u s e d  r e a g e n t  b o t h  i n  
c h e m i c a l  a n d  b i o c h e m i c a l  w o r k  f o r  t h e  d e t e c t i o n  o f  i m i n a z o l e s .
k o e s s l e r  a n d  H a n k e  j l 9 1 9 fl ] , b y  t h e  u s e  o f  t h e i r  r e a g e n t  a l r e a d y  
d e s c r i b e d  { s e e  p ? 9 ^ ?  d e v i s e d  a  m e t h o d  w h i c h  t h e y  s h o w e d  t o  b e  a c c u r a t e  
f o r  t h e  e s t i m a t i o n  o f  h i s t i d i n e ,  h i s t a m i n e ,  i m i n a z o l e - p r o p i o n i c  a c i d ,
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i m i n a z o l e - a c e t i c  a c i d ,  a n d  m e t h y l  i m i n a z o l e . ^ h e y  f o u n d  t h a t  a s  a  
g r o u p  c o l o u r  p r o d u c t i o n  i s  s l o w e r  t h a n  w i t h  p h e n o l s .  I n  a l l  c a s e s  t h e  
c o l o u r  i s  p r e d o m i n a n t l y  r e d  t h o u g h  i n f l u e n c e d  b y  t h e  g r o u p s  i n  t h e  s i d e -  
o h a i n .  B o t h  a m i n o -  a n d  c a r b o x y l -  g r o u o s  t e n d  t o  y e l l o w  c o l o u r s .
T h e y  f u r t h e r  s h o w e d  t h a t  t h e  i n t e n s i t y  o r  a m o u n t  o f  c o l o u r  p r o d u c e d  
b y  t h e  i m i n a z o l e  r i n g  d e p e n d s  o n  t h e  s i d e  c h a i n ,  a s  e v i d e n c e d  b y  t h e  
d i f f e r e n t  " m o l e o u l a r - c o l o u r - v a l u e s "  o b t a i n e d ,  j r h e  m o l e c u l a r - c o l o u r - v a l u e  
i s  t h e  c a l c u l a t e d  l e n g t h  o f  t h e  c o l u m n  i n  mm. o f  a  c e r t a i n  s t a n d a r d  f i n  
t h i s  c a s e  a  m i x t u r e  o f  m e t h y l  o r a n g e  a n d  C o n g o  r e d )  w h i c h  i s  n e c e s s a r y  
to  m a t c h  t h e  c o l o u r  p r o d u c e d  b y  o n e  m o l e c u l a r  w e i g h t  o f  t h e  i m i n a z o l e ;  
e . g .  0.C1 m g .  o f  h i s t i d i n e  g i v e s  a  r e a d i n g  o f  7 . 4  mm* w h e n c e  t h e  m o l e c u l a r -  
o o l o u r - v a l u e  o f  h i s t i d i n e  ( m o l e c u l a r  w e i g h t  = 1 5 5 )  i s :
1 5 5  x  7 . 4  x  1 0 ^  « 1 1 4 . 7  m i l l i o n  mmTj«
The f o l l o w i n g  v a l u e s  h a v e  b e e n  d e t e r m i n e d :
We i g h t ,  
m o l .
M b l e c u l a r - c o l  
V a l u e  
M i l l i o n  mm.
o u r -
D e t e r m i n e d
b y
H i s t i d i n e 1 5 5 . 0 1 1 4 . 7 H u n t e r  [ l 9 2 5 , 2 j .
H i s t i d i n e  m o n o h y d r o c h l o r i d e 2 0 9 . 5 1 1 3 . 1 H u n t e r  ^ 9 2 5 , ^ .
TJ4 lljjko
H i s t i d i n e  d i ^ c h l o r i d e 2 2 8 . 0 1 1 4 . 0 K o e s s l e r  a n d  
H a n k e  ^ 9 1 9 t l j  .
Histamine 1 8 4 .0  1 3 8 .0
HI
We i g h t ,  
m o l .
I m i n a z o l e - p r o p i o n i c  a c i d  1 4 0 .
M o l e c u l a r -  c . o l  o n  r -  
V a l u e  
M i l l i o n  mm.
D e t e r m i n e d
1 9 1 . 0 K o e s s l e r  a n d  H a n k e
I m i n a z o l e - a c e t i c  a c i d  
( a s  h y d r o c h l o r i d e )
Methyl im in azo le
C a r n o s i n e
C a r n o s i n e  n i t r a t e
1 6 2 . 5
8 2 . 0
2 2 6 . 0
2 8 9 . 0
182 .0
2 0 1 . 0
1 4 0 . 1  H u n t e r  & 9 2 5 , 2 } .
1 4 1 . 6
U r o c a n i c  a c i d * 2 H  0  
2 1 7 4 .  1 0 9 . 0  H u n t e r  59E5.il.
The d i f f e r e n c e s  t h u s  f o u n d  i n  m o l e c u l a r - c o l o u r - v a l u e  a r e  s u g g e s t i v e
from a  c h e m i c a l  a s p e c t .  I t  i s  r e m a r k a b l e  t h a t  m e t h y l i m i n a z o l e  s h o u l d  
g i v e  n e a r l y  t w i c e  t h e  a m o u n t  o f  c o l o u r  g i v e n  b y  u r o c a n i c  a c i d  o r  h i s t i d i n e .  
As o b s e r v e d  b y  K o e s s l e r  a n d  H a n k e  b o t h  t h e  s h a d e  o f  c o l o u r  a n d  t h e  
i n t e n s i t y  o r  a m o u n t  o f  c o l o u r  a r e  i n f l u e n c e d  b y  t h e  s i d e - c h a i n .  A l l  
o f  t h e  i m i n a z o l e s  a b o v e  e x a m i n e d  a r e  s i m i l a r  t o  t h e  e x t e n t  t h a t  t h e  s i d e -  
c h a i n  i s  a l w a y s  i n  t h e  4 - ( o r  5 - )  p o s i t i o n  a n d  t h e y  d i f f e r  o n l y  i n  t h e  
c o n s t i t u e n t s  o f  t h e  s i d e - c h a i n .  I t  t h u s  a p p e a r s  r e a s o n a b l e  t o  a s s u m e  
t h a t  t h e  m o l e c u l a r - c o l o u r - v a l u e s  a r e  e n t i r e l y  d e p e n d e n t  o n  t h e  c o n s t i t u e n t s  
t h e  s i d e - c h a i n .  ' i 'he  c h e m i c a l  c o m p o s i t i o n j o f  t h e  a z o - i m i n a z o l e  i n  
s o l u t i o n  h a s  n o t  b e e n  d e t e r m i n e d .  A c c o r d i n g  t o  H y m a n * s  f i n d i n g s  i t  i s *
m o s t  p r o b a b l y  a  C - a z o - c o m p o u n d .  I t  m a y  b e  a  m o n o -  o r  b i s a z o - c o m p o u n d  
b u t , , j u d g i n g  f r o m  t h e  s t r i c t  p r o p o r t i o n a l i t y  b e t w e e n  t h e  a m o u n t  o f  
i m i n a z o l e  u s e d  f o r  t h e  t e s t  a n d  t h e  i n t e n s i t y  o f  c o l o u r  p r o d u c e d ,  i t  
i s  u n l i k e l y  t h a t  i t  i s  a  m i x t u r e .
The  d i a z o - m e t h o d  f o r  t h e  e s t i m a t i o n  o f  c a r n o s i n e  i n  s i m p l e  s o l u t i o n  
h a s  b e e n  e x a m i n e d  a n d  f o u n d  t o  b e  s a t i s f a c t o r y  b y  t h e  w r i t e r ,  a s  s h o w n  
i n  paper, N o . l .
P h y s i o l o g i c a l .
(a)  A p p l i c a t i o n  o f  t h e  d i a z o « . m e t h o d  f o r  t h e  d e t e r m i n a t i o n  o f  h i s t a m i n e  
i n  c u l t u r e  m e d i a ,  w i t h  m e t h o d s  f o r  t h e  f r a c t i o n a t i o n  o f  d i f f e r e n t  
i m i n a z o l e s  ^ K o e s s l e r  a n d  H a n k e ,  1 9 1 9 j  2 ,  ; 1 9 1 9 ,
(b) T h e  e s t i m a t i o n  o f  h i s t i d i n e  i n  p r o t e i n  b y  t h e  d i a z o - m e t h o d  
[Hanke a n d  K o e s s l e r ,  1 9 2 o J %
(o) The  e s t i m a t i o n  o f  c a r n o s i n e  i n  m u s c l e  b y  t h e  d i a z o  m e t h o d  i s  
c r i t i c a l l y  e x a m i n e d  b y  t h e  w r i t e r  i n  Paper, N o . 2 .
Certain questions on the accuracy o f  the method have been treated  
in the w r ite r 1 s Papers N o s .  4  and 6.
The a c c u r a c y  o f  t h e  w r i t e r ’ s  m e t h o d s  a n d  c a r n o s i n e  s t a n d a r d s  h a v e  
r e c e n t l y  c o n f i r m e d  b y  K u e n [ l 9 2 7 3 .
The  n e c e s s i t y  f o r  t h e  u s e  o f  p u r e  d y e s  a s  a r t i f i c a l  s t a n d a r d s  
i n  c o l o r i m e t r i c  w o r k  i n  r e l a t i o n  t o  d i a z o - m e t h o d s  h a s  b e e n  p o i n t e d  
o u t  i n  t h e  w r i t e r ’ s  f ^ p e r  N o . 7 .
(d)  Th e  d e t e r m i n a t i o n  o f  i m i n a z o l e s  i n  u r i n e  b y  t h e  d i a z o - m e t h o d .
H u n t e r , 1 9 2 5 , l ]  . T h e  w r i t e r ’ s  Paper 
No. 6 m a y  b e  r e f e r r e d  t o .
j l o e s s l e r  a n d  H a n k e ,  1 9 2 4 ' ,
Pyrimidine D la z o -R e a c t io n s .
p y r i m i d i n e  i s  n u m b e r e d  t h u s














I t  i s  r e p r e s e n t e d  i n  t h e  n u c l e i c  a c i d s  b y  u r a c i l ,  c y t o s i n e , a n d  t h y m i n e ,  
w h i c h  m a y  b e  w r i t t e n  a s :
I T = C . 0 H  H = : O . O H
I I  I I 2
CO CH 0 0  CH 0 0  0 . 0 H
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«
m  —  o h  m ~  o h  m — g h
u r a c i l  c y t o s i n e  t h y m i n e ,
t h o u g h  a l s o  e x i s t i n g  i n  o t h e r  t a u t o m e r i c  f o r m s .
u v
T h e  b e h a v i o u r  o f  p y r i m i d ^ s  w i t h  d i a z o - c o m p o u n d s  h a s  b e e n  m o s t  c l o s e l y  
s t u d i e d  b y  J o h n s o n  a n d  C l a p p  j T s O e - ’ O s i ] .  U r a c i l ,  c y t o s i n e ? a n d  t h y m i n e ; 
w e r e  a l l  f o u n d  t o  g i v e  c o l o u r s  w h e n  m i x e d  w i t h  d i a z o b e n z e n e - s u l p h o n i c  
a c i d  i n  p r e s e n c e  o f  e x c e s s  o f  s o d i u m  h y d r o x i d e .  O f  t h e s e  t h y m i n e  g i v e s  
t h e  m o s t  i n t e n s e  c o l o u r .  F r o m  a n  e x a m i n a t i o n  o f  v a r i o u s  d e r i v a t i v e s  
o f  u r a c i l ,  c y t o s i n e , a n d  t h y m i n e  , i t  w a s  f o u n d  t h a t  n o  r e a c t i o n  o c c u r s
i f  t h e  i m i n i c  h y d r o g e n  i n  p o s i t i o n  - 3  i s  r e p l a c e d  b y  a  m e t h y l  g r o u $ f
6 - h y d r o x y - a n d  6 - a m i n o  p y r i m i d i n e  d o  n o t  c o u p l e ,  s o  i t  i s  s u g g e s t e d  t h a t  
t h e  g r o u p i n g - 0 0 - ITH m u s t  h e  p  r e s e n t  i n  t h e  1 : 2  o r  2 : 3 - p o s i t i o n s  o f  t h e  
p y r i m i d i n e  r i n g  t o  e n a b l e  c o u p l i n g .
T h a t  t h e  c o u p l i n g  d o e s  n o t  o c c u r  i n  t h e  4 -  o r  5 -  p o s i t i o n s  i s
c o l o u r  a n d  o f  J o h n s o n  a n d  C l a p p  t h a t  4 : 5 - d i m e t h y l u r a c i l  g i v e s  a  r e d  c o l o u r .
r e a c t i o n  p r o d u c t  o f  t h y m i n e  a n d  d i a z o b e n z e n e —s u l p h o n i c  a c i d .  T h e  n a t u r e  
o f  t h e  l i n k a g e  t h u s  r e m a i n s  o b s c u r e  a l t h o u g h  t h e  a v a i l a b l e  e v i d e n c e  
a p p e a r s  t o  f a v o u r  t h e  v i e w  t h a t  c o u p l i n g  t a k e s  p l a c e  i n  p o s i t i o n - 3 ;  i n  
w h ich  c a s e  t h e  r e a c t i o n  p r o d u c t s  w o u l d  b e  N - a z o - c o m p o u n d s .
S t e u d e l  \ 19 0 41  f i r s t  o b s e r v e d  t h a t  t h y m i n e  c o u p l e s  w i t h  d i a z o —c o m p o u n d s
i n  p r e s e n c e  o f  s o d i u m  h y d r o x i d e .
The m e t h o d  o f  t e s t i n g  r e c o m m e n d e d  b y  J o h n s o n  a n d  C l a p p  i s ;
5 -  1 0  m g .  o f  t h e  p y r i m i d i n e  a n d  a n  e q u a l  w e i g h t  o f  d i a z o b e n z e n e -
a  g l a s s  r o d  i n  a  d r y  w a t c h  g l a s s .  A d r o p ’ o f  1 0  p e r  c e n t ,  s o d i u m  h y d r o x i d e
shown b y  t h e  f i n d i n g s  o f  E v a n s  [ l 6 93] t h a t  2 - o x y - 4 :  6 - d i m e t h y l p y r i m i d i n e  
g i v e s  a  r e d  c o m p o u n d ,  o f  P a u l y  t h a t  4 - m e t h y 1 u r a c i l  g i v e s  a n  i n t e n s e
J o h n s o n  a n d  C l a p p  m a d e  a n  u n s u c c e s s f u l  a t t e m p t  t o  i s o l a t e  t h e
s u l p h o n i c  a c i d  p r e p a r e d  a c c o r d i n g  t o  P a u l y a r e  m i x e d  t o g e t h e r  w i t h
i s  t h e n  a l l o w e d  t o  f l o w  o n  t h e  m i x t u r e .  T h e  r e d  c o l o u r  d e v e l o p s  i m m e d l
s r  t h e s e  c o n d i t i o n s .
The w r i t e r  has  r e p e a t e d  the  t e s t s  o f  Johnson  and Clapp,  w i th  
u r a c i l ,  c y t o s i n e , a r i d  thymine^and f i n d s  t h e i r  b e h a v io u r  a s  d e s c r i b e d  
by these  w o r k e r s .
^Tote: I  am i n d e b t e d  to  P r o f . T r e a t  3 . Johnson o f  Yale  f o r  a  g i f t  
of s y n t h e t i c  thymine} .
I t  shou ld  be n o t e d , h o w e v e r , t h a t  the  c o l o u r s  a r e  o b t a i n e d  o n ly
i/H*
with r e l a t i v e l y  l a r g e  amounts  o f  the  p y r im id ^ s  i n  q u e s t i o n .  The 
s e n s i t i v i t y  o f  t h e  t e s t s  c a n  be r a i s e d  s l i g h t l y  by the  a p p l i c a t i o n  
of hea t  to  th e  s o l u t i o n s ,  b u t  i t  i s  u n n e c e s s a r y  to  em phas ise  t h i s  i n  
view of the  much more d e l i c a t e  t e s t  f o r  thymine which  h a s  b een  d i s ­
covered by th e  w r i t e r ,  and w hich  w i l l  n o w  be d e s c r i b e d .
A D e l i c a t e  •Ciazo^ P e a c t l o n  f o r  Thymine, which i s  n o t  g i v en 
by U r a c i l  o r  C y t o s i n e .
Reagents Required*
(1) The K o e s s l e r  and Hanke d i a z o - r e a g e n t  d e s c r i b e d  on page W. 
te) 1 .1  p e r  c e n t  sodium c a r b o n a t e  s o l u t i o n .
(3) 3 .0  normal sodium h y d ro x id e  s o l u t i o n .
(4) 20 p e r  c e n t . h y d r o x y l a m i n e  h y d r o c h l o r i d e  i n  w a t e r .
(5) S o l u t i o n  o f  t h y m in e .  Here u se d  1 1 . 4  mg. o f  t h y m i n e  i n  2 5  c c .  o f
The t e s t  i s  p e rfo rm ed  a s  f o l l o w s :
To £ .5  c e .  o f  sodium c a r b o n a t e  s o l u t i o n  add 1 c c ,  o f  t h e  d i a z o -  
r e a g e n t ,  At the  end o f  one m inu te  add 0 . 5  c c .  o f  th e  thymine  s o l u t i o n .  
Allow to s t a n d  f o r  5 m i n u t e s , a f t e r  w hich  p e r i o d  a  f a i n t  y e l lo w  c o l o u r  
i s  p r e s e n t .  Add 1 c c .  o f  3 normal sodium hy d ro x id e  and l e t  s t a n d A1 
minute .  Then add 1 d r o p  o f  th e  h y droxy lam ine  s o l u t i o n  and mix q u i c k l y .
An i n t e n s e  r e d  c o l o u r  r a p i d l y  d e v e l o p s .  I t  i s  s t a b l e  f o r  s e v e r a l  h o u r s .
The s e n s i t i v i t y  o f  th e  t e s t  was d e te r m in e d  by u s i n g  d e c r e a s i n g  
amounts o f  thy m ine .  I t  was found t h a t  a  marked c o l o u r  i s  s t i l l  o b t a i n a b l e  
with l e s s  t h a n  0 .01  mg. o f  thymine  p r e s e n t  i n  th e  t e s t  s o l u t i o n .
The t e s t  i s  n o t  g i v e n  by a s  much a s  0 . 5  mg. o f  u r a c i l  o r  c y t o s i n e ,  
a l though  y e l lo w  c o l o u r s  a r e  p ro d u c e d  by t h e s e  i n  c o n t a c t  w i t h  th e  reag en t  
and sodium c a r b o n a t e .
I t  i s  n e c e s s a r y  t h a t  c o u p l in g  ta k e  p la c e  in  sodium carbonate  
so lu tio n , a s  no c o lo u r  i s  o b ta in ed  a t  th e  above d i l u t i o n s  w ith  e x c e s s  
of sodium hydroxide even  on the  a d d i t io n  o f  hydroxylam ine.
The t e s t  would appear t o  be o f  v a lu e  in  d i s t in g u i s h in g  thymine from 
certain o th er  p y r im id in e s .  I t  i s  a t  l e a s t  100 t im es  more d e l i c a t e  than
•ay other t e s t  which has been d e sc r ib e d  fo r  thym ine. I t  I s ,  however
s p e c i f i c ,  a s  i t  i s  g i v e n  by t h o s e  s u b s t a n c e s  which  w i l l  be d e a l t  w i t h  
under the  " k e t o - e n o l "  ty p e  o f  d i a z o - r e a c t i o n .  F u r t h e r  r e l a t i o n s h i p s  
of the t e s t  w i l l  a l s o  be c o n s i d e r e d  t h e r e ,
Chemistry.
T h e  p u r i n e s  h a v e  t h e  b a s i c  s t r u c t u r e  a n d  n u m b e r i n g  a s  f o l l o w s :
1 CH 6
5
2 CH C — m  7.
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The p u r in e  s k e l e t o n  may t h u s  be r e g a r d e d  a s  a f u s i o n  o f  the  p y r i m i d i n e  
and iminazo le  r i n g s  a t  th e  4- and 5- p o s i t i o n s ,  and in d e e d  B u r i a n  
^1904,1 , e |  r e g a r d e d  t h e  r e a c t i o n  p r o d u c t s  o f  im i n a z o l e s  and o f  p u r i n e s  
with d iazo-com pounds a s  o f  th e  same t y p e .  F o l lo w in g  Rung and Behrend,
B ur ian  r e g a r d e d  th e  a z o - i m i n a z o l e s  a s  c o u p le d  th ro u g h  the  i m i n i o -  
hydrogen i n  t h e  1 - p o s i t i o n  o f  th e  im in a zo le  n u c l e u s , a n d  t h u s  a s  N-azo^ 
compounds; and on th e  e v id e n c e  t h a t  p u r i n e s  s u b s t i t u t e d  i n  th e  7 - p o s i t i o n  . 
(corresponding  to  the  1 - p o s i t i o n  i n  the  im in a z o le  r i n g )  do n o t  coup le  
with d iazo—compounds, he c o n c lu d ed  t h a t  p u r i n e s  which  do r e a c t  w i t h  d i a z o -  
expounds c o u p le  i n  th e  7 - p o s i t i o n .  Hans F i s c h e r  however ,  showed
that the  p - d i c h l o r o d i a z o b e n z e n e  d e r i v a t e s  o f  t h e o p h y l l i n e , o f  x a n t h i n e .
and of g u a n in e ,  cure a l l  r e d u c e a b l e  t o  t h e  c o r r e s p o n d i n g  8 -am inopur inea*  ^
and t h u s  p roved  t h a t  p u r i n e s  c o u p le  i n  the  8 - p o s i t i o n .  The method 
has "been p a t e n t e d  by K a l l e  and Oo. f o r  the  m a n u f a c tu r e  o f
8 -am in o p u r in e s .  As we have i n d ic a t e d ,P y m a n  and h i s  a s s o c i a t e s  have 
shown t h a t  i m i n a z o l e s  c o u p le  o n ly  i n  th e  2 - ,  4 - ,  o r  5- p o s i t i o n s ,  and 
as  only  th e  8 - p o s i t i o n  ( th e  2 - p o s i t i o n  i n  im i n a z o l e s )  i s  a v a i l a b l e  
in  p u r i n e s  th e  a n a l o g o u s  b e h a v i o u r  o f  im i n a z o l e s  and o f  p u r i n e s  to w a rd s  
diazo-compounds s t i l l  r e m a in s .  I t  i s  f u r t h e r  o f  i n t e r e s t  t o  obse rve  
t h a t  B u r i a n 1s n e g a t i v e  f i n d i n g s  w i t h  7 - m e t h y l - p u r i n e s  i s  p a r a l l e l e d  
by Pyman*s f i n d i n g  t h a t  th e  im i n i c - h y d r o g e n  i n  t h i s  p o s i t i o n  i n  t h e  
iminazole  r i n g  i s  n e c e s s a r y  i n  th e  c o u p l i n g  p r o c e s s .
The p o s i t i o n  a s s i g n e d  to t h e  a z o - g r o u p  in  p u r i n e s  by B u r ian  was 
o a l l e d  in  q u e s t i o n  by S t e u d e l  jl904j on th e  ground t h a t ,  s i n c e  thymine 
was found t o  r e a c t  w i t h  d iazo -com po u nd s ,  the  c o u p l i n g  o f  p u r i n e s  might  
take p l a c e  th r o u g h  t h e  p y r im id in e  r i n g .  P a u ly  £ 9 0 4 ] ,  a s  we have
. B u r i a n  j l9 0 4 , i | ,  however, 
po in ted  out  t h a t  s u b s t i t u t i o n  i n  t h e  p y r i m i d i n e  r i n g  d i d  n o t  a f f e c t  
the power o f  p u r i n e s  t o  r e a c t  w i t h  d iazo -co m p o un d s .  Thus t h e o p y l l i n e  
(1 :3 - d i m e t h y l - 2 : 6 - ^ x y p u r i n e ) c o u p l e s  r e a d i l y ,  b u t .  theobrom ine  
(3 :7 -d i m e t h y l - 2 : 6-Ao x y p u r i n e ) and  c a f f e i n e  ( 1 : 3 : 7 - t r i m e t h y l - 2 : 6-^)xypuriag^)
mentioned ( p . c o n f i r m e d  S teude l*  s f i n d i n g s
both w i th  m ethyl  g r o u p s  i n  the  7 - p o s i t i o n  o f  th e  p u r i n e  r i n g ,  do n o t  
couple.
Bur ian  a l s o  found t h a t  u r i c  a c i d  ( 2 : 6 ; 8 - t r i o x y p u r i n e ) does  n o t  
couple^ a l t h o u g h  t h e  7 - p o s i t i o n  i s  open.
I t  would t h u s  a p p e a r  t h a t  a  p u r i n e  i n  o r d e r  to  he c a p a b le  o f  c o u p l in g  
with d iazo-com pounds must  have b o th  th e  7- and 8 - p o s i t i o n s  open.
Bur ian  p r e p a r e d  c r y s t a l l i n e  p - s u l p h o b e n z e n e a z o - d e r i v a t e s  from 
xanth ine ,  t h e o p h y l l i n e ,  g u a n in e ,  h y p o x a n th i n e , a n d  a d en in e  ^1904, 2* 190^.  
Xanthine, t h e o p h y l l i n e ,  and g u a n i n e , c o u p l e  even  i n  g r e a t  e x c e s s  o f  sodium 
hydroxide to  form orange  c o l o u r e d  p r o d u c t s .  H ypoxan th ine  and a d e n in e  form 
yellow a z o - d e r i v a t i v e s , and a d e n in e  does  n o t  co u p le  i n  a n  e x c e s s  o f  
strong a l k a l i .
The p o s i t i o n  i n  w hich  p u r i n e s  c o u p le  w i th  d iazo-com pounds  has  b e en  
of i n t e r e s t  i n  d e t e r m i n i n g  th e  p o i n t  o f  a t t a c h m e n t  o f  th e  p u r i n e  to  
phosphorus i n  t h e  n u c l e i c  a c i d  m o le c u le ,  a s  n u c l e i c  a c i d  i t s e l f  does n o t  
oouple w i th  d iaz o -co m p o u n d s .
C o lour- te s ts  and  P h y s i o l o g i c a l .
The w r i t e r  [Hunter  1922^ h as  b r i e f l y  d e a l t  w i t h  th e  b e h a v io u r  o f  
| p a n in e ,  a d e n i n e ,  x a n t h i n e , a n d  h y p o x a n th in e ,  to w a rd s  th e  K o e s s l e r  and  Hanke
reagents  ( see t ip a ' iN o l ) . i t  may f u r t h e r  he n o t e d  t h a t  t h e  c o n d i t i o n s  
( i f  they  e x i s t )  f o r  th e  q u a n t i t a t i v e  c o u p l i n g  o f  sm a l l  amounts  o f  
purines h a s  n o t  y e t  b e en  d e te r m in e d .  F u r t h e r  work may improve th e  
present u n s a t i s f a c t o r y  c o l o u r  t e s t s  o b t a i n a b l e  w i t h  p u r i n e s  and  d i a z o -  
compounds.
I t  i s  o f  i n t e r e s t  to  n o t e  t h a t  u r i c  a c i d ,  which  does  n o t  cou p le  
with d i a z o t i s e d  s u l p h a n i l i o  a c i d ,  r e a c t s  to  g iv e  a  b l u i s h - g r e e n  c o l o u r  
with d i a z o t i s e d  p - n i t r a n i l i n e  i n  p r e s e n c e  o f  sodium h y d r o x i d e , a n d  i n  th e  
absence o f  a i r .  The w r i t e r  has  c o n f i r m e d  t h i s  t e s t ,  f i r s t  d e s c r i b e d  
by B ieg le r  1(1897].
5. The D iazo~B eact ion  o f  T h io l im in a z o le s  (Th i o l g l y o x a l i n e s )
T h io l im in a z o le  i s  r e p r e s e n t e d  a s :
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for  which th e  w r i t e r  d i s c o v e r e d  the  p e c u l i a r  ty p e  o f  d i a z o —r e a c t i o n  
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P a u l y ' s  t e s t  and  th e  Z o e s s l e r  a n d  Hanke t e s t  f o r  i m i n a z o l e s  and  
the w r i t e r ’ s t e s t  f o r  e r g o t h i o n e i n e  were a p p l i e d  t o  each  o f  th e  above
^ s t a n c e s .  Of t h e s e  o n ly  (VI) shows no c o l o u r  w i t h  any o f  th e  t e s t s
while (V), i n  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n  (abo u t  1 m g . ) ,  g i v e s  o n ly  
a f a i n t  y e l l o w  c o l o u r  w i t h  th e  P a u ly  and K o e s s l e r  and Hanke tes t&  Three 
of the s u b s t a n c e s ,  ( I ) ,  ( IV ) ,  and  (VII) ,  g iv e  th e  w r i t e r Ts t e s t  f o r  
ergothione i n e .  The c o l o u r  o b t a i n e d  w i t h  s u b s t a n c e  ( I )  i s  p r a c t i c a l l y  
i d e n t i c a l  w i t h  t h a t  d e s c r i b e d  f o r  e r g o t h i o n e i n e .  The c o l o u r s  o b t a i n e d  
from s u b s t a n c e s  (IV) and (VII)  match  e ac h  o t h e r  v e r y  c l o s e l y  and  a r e  o f
cu
a p in k is h -o ra n g e  hue ,  r a t h e r  s i m i l a r  t o Ad i l u t e  s o l u t i o n  o f  sodium 
a l i z a r i n e  s u l p h o n a te  a t  t h e  n e u t r a l  p o i n t ;  th e  c o l o u r s  a r e  much l e s s  b lu e  
than in  the  c a s e  o f  e r g o t h i o n e i n e  and s u b s ta n c e  ( I ) .
With the  K o e s s l e r  and Hanke t e s t  s u b s t a n c e s  ( I ) ,  ( IV ) ,  and  (VII) ,  g iv e  
like e r g o t h i o n e i n e ,  c l e a r  y e l l o w  c o l o u r s  w i t h  no s ig n  o f  r e d  a f t e r  
standing f o r  5 m in u te s  o r  more.  I n  th e  c a se  o f  s u b s t a n c e s  (IV) and (VII) 
coupling i s  more r a p i d  t h a n  w i t h  e r g o t h i o n e i n e .  With s u b s t a n c e s  ( I I )  and  
( I I I ) ,  whe re  th e  t h i o l —h y drog en  i s  r e p l a c e d  by a c e t i c  a c i d , t h e  w r i t e r ' s  
tes t  i s  n e g a t i v e .  S u b s ta n c e  ( I I I )  g i v e s  a  c l e a r  p in k  im in a z o le  t e s t  w i t h  
the k o e s s l e r  an d  Hanke r e a g e n t s ,  a l t h o u g h ,  r a t h e r  s u r p r i s i n g l y ,  s u b s ta n c e
(II) g ives  a v e r y  y e l l o w  c o l o u r .  T h i s  may be a c c o u n te d  f o r  by the  p r e s e n c e  
°* t r im ethyl  amine i n  t h e  s i d e - c h a i n .
5he Pauly  t e s t  g i v e s  r e s u l t s  p a r a l l e l  w i t h  th e  K o e s s l e r  and  Hanke t e s t ,
but in  th e  fo r m e r ,  the y e l lo w  c o l o u r s  a r e  o v e r l a i d  w i t h  a  c e r t a i n  amount 
of red from th e  r e a g e n t s ,  and  d i s t i n c t i o n  i s  more d i f f i c u l t .
We may t h u s  c o n c lu d e  t h a t  t h e  w r i t e r 1s t e s t  f o r  e r g o t h i o n e i n e  i s  a
o
general one f o r  the  t h D . i m i n a z o l e  r i n g  p r o v i d e d  i t  c o n t a i n s  a  f r e e  
su lp h y d r i l -g ro u p  i n  th e  E - p o s i t i o n  and h a s  a t  l e a s t  one o f  the  4- or  
5 -p o s i t io n s  open,  o r  c o n t a i n i n g  a d i s p l a c e a b l e  c a r b o x y l - g r o u p .  A f r e e  
iminic-hydrogen may a l s o  be n e c e s s a r y .  I t  i s  a l s o  c l e a r  t h a t  t h e  p r e s e n c e  
of a t h i o l - g r o u p  i n  t h e  E - p o s i t i o n  a l t e r s  th e  r e a c t i o n  o f  t h e  g l y o x a l i n e  
ring with  d iazo-com pounds  i n  such a way t h a t  i t  can  no l o n g e r  be i d e n t i f i e d  
by the g l y o x a l i n e  ty p e  o f  d d & z o - r e a c t i o n .  That  the  t h i o l - h y d r o g e n  p l a y s  
a pa r t  in  the  i n t e r f e r e n c e  i s  i n d i c a t e d  by the  f i n d i n g  o f  a  c h a r a c t e r i s t i c  
glyoxaline d i a z o —t e s t  w i t h  s u b s t a n c e  ( I I I )  b u t  a  n e g a t i v e  t e s t  ( a  y e l l o w ,  
not a red  c o l o u r )  w i t h  s u b s t a n c e  ( I ) .
Acknowledgments. I  am much indebted to D r .Blythe A.Eagles f o r  small 
samples of  the substances ( I ) ,  ( I I )  and ( I I I ) ,  prepared by him in P r o f .
Treat B . J o h n s o n ' s  l a b o r a t o r y  a t  Y a le ;  t o  D r .H a r o ld  King o f  London f o r  
specimens o f  th e  s u b s t a n c e s  ( IV ) ,  (V) and  (VI) ;  and to  P r o f e s s o r  3P.L# 
iPaan f o r  su b s ta n c e  ( V I I ) .
Dr.Eagl®g h a s  a l s o  in fo rm ed  me t h a t  he has  a p p l i e d  my t e s t  t o
n i
t h io h y d a n to in ,  t h i o t y r o s i n e , a n d  t h i o p h e n o l ,  w i t h  n e g a t i v e  r e s u l t s .
This i s  v a l u a b l e  c o n t r i b u t o r y  e v id e n c e  to  the  h ig h  s p e c i f i c i t y  f o r  th e  
t h io l  im inazo le  r i n g ,  c la im e d  f o r  t h e  t e s t .
P h y s i o lo g i c a l .
C e r t a i n  p h y s i o l o g i c a l  a s p e c t s  o f  t h e  t e s t  have been  d e a l t  w i t h  i n  
the a t t a c h e d  r e p r i n t .
The t e s t  h a s  found p e r h a p s  i t s  most i n t e r e s t i n g  a p p l i c a t i o n  i n  
the hands o f  E a g l e s  and V ars  j m s ]  , i n  an  i n v e s t i g a t i o n  o f  th e  o r i g i n  
of e r g o t h i o n e i n e  i n  b lo o d .  T h e i r  p r e l i m i n a r y  comm unica t ion  i n d i c a t e s  
th a t  the  o c cu ren ce  o f  e r g o t h i o n e i n e  i n  b lo od  i s  f o r t u i t o u s  and d ep en d e n t  
on the d i e t .  T h e i r  i n v e s t i g a t i o n s  s u g g e s t  t h a t  t h e r e  i s  p r e s e n t  a  
th io l  im inazo le  n u c l e u s  i n  p r o t e i n  o f  p l a n t  o r i g i n  b u t  n o t  i n  p r o t e i n  
of animal o r i g i n ,  a s  t h e r e  i s  p r e s e n t  i n  t h e  h y d r o l y s a t e  o f  t h e  fo rm er  
a c o n s t i t u e n t  w h ich  g i v e s  th e  t h i o l i m i n a z o l e  d i a z o - t e s t .
6. K efo -en o l  Types o f  D la z o -H e a c t io n .
(1) K e t o - e n o l i c  T a u to m e rs .
Substances giving this type of diazo-reaction are capable of 
existing in at least two tautomeric forms. may take as an example 
acetone which may bo regarded as an equilibrium mixture o f  the keto 
and enol forms: tlfe- may tako an an example acetone which may be regardefL 
ao-an  oquilibrium mixturo -of the keto and enol forme.
OH CH
s  l 3
C :  0 C.OH
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A s u i t a b l e  method f o r  o b t a i n i n g  the  t e s t  w i t h  a c e to n e  i s  d e s c r i b e d  
by Hanke and K o e s s l e r  [ l 922, ! ]  • • •
To a t e s t - t u b e  add  5 c c . o f  1 .1  p e r  c e n t , s o d i u m  c a r b o n a t e  and 2 c c .  
of t h e i r  d i a z o - r e a g e n t . A f t e r  1 m inu te  add 1 c c .  o f  an  aqu eo us  s o l u t i o n  
con ta in ing  a b o u t  0 .5  mg. o f  a c e to n e  and a l l o w  th e  r e a c t i o n  to  p r o c e e d  
for 5 m in u te s .  Then add  £ c c .  o f  3 normal sodium h y d ro x id e  and a f t e r  
1 minute 0 .1 0  c c .  o f  a  20 p e r  cen t ,  aqueous  s o l u t i o n  o f  hydroxylam ine  
hydrochlor ide  and m ix .  A p u r p l i s h  c o l o u r  im m e d ia te ly  d e v e l o p s .  I f  th e
r e a c t i o n  w i t h  th e  d i a z o - r e a g e n t  and sodium c a r b o n a t e  i s  a l lo w e d  to  
proceed f o r  15 m in u te s  a  much g r e a t e r  f i n a l  c o l o u r  i s  o b t a i n e d .  C o n d i t i o n s  
for  f u l l  c o l o u r  deve lopm en t  have n o t  been  d e te r m in e d .  Hanke and K o e s s l e r  
h a v e  su g g e s t e d  the  f o l lo w in g  f o r m u l a t i o n  o f  th e  r e a c t i o n s  t a k i n g  p l a c e :
Bn
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The f i n a l  red  p r o d u c t  t h e y  r e g a r d  a s  a  hydraz^.me d e r i v a t i v e .  We 
8hall  r e t u r n  to  a  d i s c u s s i o n  o f  t h e  p r o b a b l e  r e a c t i o n s  i n  the  t e s t .
The t e s t  f o r  a c e t o n e ,  a c e t a l d e h y d e ^ a n d  a c e t o a c e t i c  a c i d ^ d e s c r i b e d  
V  Hanke and K o e s s l e r  would  n o t  a p p e a r  t o  be a  new one, a l t h o u g h  
hydroxylamine may n o t  have b e e n  h i t h e r t o  u se d  f o r  the  p r o d u c t i o n  o f  
the f i n a l  c o l o u r .  The h i s t o r y  o f  th e  t e s t  i s  o f  some i n t e r e s t .
S h o r t l y  a f t e r  t h e  p u b l i c a t i o n  o f  S h r l i c h ’ s f i r s t  p a p e r  op. th e
M
r u c t i o n  the  u r i n e  i n  t y p h o i d  f e v e r  ^ h r l i c h  1888^ P e n z o l d t  ^ 8 8 3,1',IW
and P e t r i  ^ 8 8 3 } i n d e p e n d e n t l y  found t h a t  u n d e r  c e r t a i n  c o n d i t i o n s  th e
u r ine  of  d i a b e t i c  p a t i e n t s  g i v e s  a  marked d i a z o - r e a c t i o n .  Both a u t h o r s
t r a c e d  t h i s  r e a c t i o n  t o  the  p r e s e n c e  o f  g l u c o s e .
The f i n d i n g  i n c i d e n t a l l y  l e d  t o  some m i s u n d e r s t a n d i n g  w i t h  r e g a r d
to the  s p e c i f i c i t y  o f  " E h r l i c h ' s  d i a z o - r e a c t i o n " ^  b u t  a s  we s h a l l  s e e
the r e s u l t s  o f  P e n z o ld t  and P e t r i  were o b t a i n e d  by d e p a r t i n g  from t h e
c o n d i t i o n s  o f  t h e  t e s t  l a i d  down by S h r l i c h  ^see p. Ut-4-).
P e n z o ld t  u sed  f o r  th e  t e s t  c r y s t a l l i n e  d i a z o b e n z e n e - s u l p h o n i c  a c i d
d i s s o lv e d  i n  60 p a r t s  o f  w a t e r ,  a lo n g  w i t h  p o t a s s iu m  h y d r o x id e  a s
a l k a l i .  He f u r t h e r  n o t e d  t h a t  a  s l i g h t  e x c e s s  o f  n i t r o u s  a c i d  was n o t
harmful t o  h i s  t e s t .  The t e s t  f o r  g l u c o s e  was p e r fo rm e d  a s  f o l l o w s :
2 cc . o f  g l u c o s e  s o l u t i o n  ( c o n t a i n i n g  more t h a n  0.1  per c e n t )  are
made s t r o n g l y  a l k a l i n e  w i t h  p o ta s s iu m  h y d r o x i d e , a n d  2 c c .  o f  t h e  d i a z o -
l
reagen t ,  p r e v i o u s l y  made s l i g h t l y  a lk a l in e ,  a d d e d .  I n  p r e s e n c e  o f  a  l a r g e  
amount o f  su g a r  a  p u r p l i s h  c o l o u r  d e v e lo p ^ ;  a f t e r  15 m i n u t e s , b u t  w i t h  
®aall amounts o f  g l u c o s e  o n l y  a f t e r  a n  h o u r .
Penzoldt and Emil F i s c h e r  | l 8 8 3 ) showed t h a t  th e  t e s t  i s  a  general one
aldehydes, for w hich  reason i t  has  been  frequently  referred  to in
subsequent l i t e r a t u r e  a s AP e n z o l d t - ^  a ld e h y d e  t e s t .  3 a s i l y  o x i d i s a b l e  
aldehydes were found t o  behave a s  g lu c o s e  b u t  a c o lo u r  • -vs o b t a i n e d  
from a ro m a t i c  a l d e h y d e s  o n ly  i n  th e  p r e s e n c e  o f  sodium amalgam. By the  
use of  sodium amalgam a much g r e a t e r  c o l o u r  -vs a l s o  o b t a i n e d  from 
glucose and a c e t a l d e h y d e .
P o s i t i v e  t e s t s  were o b t a i n e d  by P e n z o ld t  and F i s c h e r  w i th  a c e ta ld e h y d e  
acetone, e t h y l a c e t o a o e t a t e , v a l e r i a n  a ld e h y d e ,  f u r f u r a l ,  g l y o x a l ^ a n d  
benzaldehyde. The same t e s t  was a l s o  found to  be g i v e n  by p h e n o l ,  
r e s o r c in o l j a n d  p y r o c a t e c h o l ^ i f  c a r e  was t a k e n  to  b r i n g  them, i n  c o n t a c t  
with the  d i a z o —compound in  p r e s e n c e  o f  e x c e s s  o f  a l k a l i  so t h a t  th e  
known dyes a r e  n o t  formed.
P e t r i  | l883 ;  1 8 8 3 - f 84; 1884) added  t o  5 c c .  o f  u r i n e  2 c c t. o f  SO 
per cent, p o t a s s iu m  h y d ro x id e  and 5 c c .  o f  a  d i a z o - r e a g e n t , m a it* . . .
vi th a p p ro x im a te ly  th e  t h e o r e t i c a l  amount o f  p o t a s s iu m  n i t r i t e .  He found 
th&t co lou r  deve lopm en t  T i s  h a s t e n e d  by warming, t h a t  t h e  c o l o u r  * i s  g i v e n  
only w i th  f i x e d  a l k a l i e s  and n o t  w i t h  ammonium h y d r o x i d e , a n d  t h a t  
reduction w i t h  z i n c  i n  t h e  a b se n c e  o f  oxygen may r e p l a c e  r e d u c t i o n  w i t h  
eodiiua amalgam. He made t h e  f u r t h e r  i n t e r e s t i n g  o b s e r v a t i o n  t h a t  o v e r -  
 ^ duetion w i t h  z i n c  p roduce*  a  c o l o u r l e s s  s o l u t i o n ,  whioh on eaqposur i  0 .
oxygen r a p i d l y  becomes c o l o u r e d  a g a i n .  P e t r i  l a t e r  u s e d , a s  d id  P e n z o l d t ,  
so l id  d ia z o b e n z e n e —s u l p h o n i c  a c i d  and found t h a t  p e p to n e s  and p r o t e i n s  
by the use o f  z in c  g iv e  th e  same f u c h s i n - r e d  c o l o u r  a s  o b t a i n e d  from 
aldtehydes.
I t  a p p e a r s  p r o b a b l e  t h a t  the  g l u c o s e  t e s t  i s  n o t  g i v e n  by g lu c o s e  a s  
such ,bu t  by c e r t a i n  s u b s t a n c e s  o f  th e  type  o f  a c e t a l d e h y d e  p ro d u ce d  by 
r e l a t i v e l y  l o n g  c o n t a c t  w i t h  th e  s t r o n g  a l k a l i ,  Of c o u r s e ,  i t  i s  p o s s i b l e  
on the h y p o t h e s i s  o f  Nef [ l 9 1 c ) ,o f  th e  e x i s t e n c e  o f  2 : 3 or  3 : 4 d i e n o l s  
in the hexose  m o le c u le  i n  c o n t a c t  w i t h  th e  s t r o n g  a l k a l i ,  t h a t  th e  
r e a c t io n  i s  g i v e n  by g l u c o s e  w i t h  th e  c a rb o n  c h a i n  i n t a c t .
I t  would t h u s  a p p e a r  t h a t  t h e  t e s t s  d e s c r i b e d  by P e n z o ld t  and F i s c h e r  
and by P e t r i  f o r  a ld e h y d e s ,  a r e  f u n d a m e n ta l ly  t h e  same a s  t h a t  d e s c r i b e d  
by Hanke and K o e s s l e r  f o r  a c e t o n e ,  a c e t a l d e h y d e , a n d  a c e t o a c e t i c  ac id }  
and t h a t  the  h y d rox y lam in e  o f  th e  l a s t  w o rk e r s  s e r v e s  th e  same pu rpose  
as sodium amalgam or z i n c .  A r e d u c i n g  a g e n t  i s  n e c e s s a r y  f o r  a l l  t h e  
t e s t s , b u t  i n  t h e  c a s e  o f  such  s u b s t a n c e s  a s  a c e t a l d e h y d e  a r e d  c o l o u r  
develops w i t h o u t  t h e  a d d i t i o n  o f  a n o t h e r  r e d u c i n g  a g e n t ,  a s  un co u p led  
acetaldehyde i n  s o l u t i o n  i t s e l f  s e r v e s  a s  a  r e d u c i n g  a g e n t .
The w r i t e r  has  made c e r t a i n  i n v e s t i g a t i o n s  on t h i s  t y p e  o f  d i a a o -
r e a c t i o n  a n d  c o n f i rm e d  th e  main f i n d i n g s  o f  P e n z o ld t  and o f  P e t r i ,  
as w e l l  a s  t h o s e  o f  Hanke and K o e s s l e r .  I t  would a p p e a r  t h a t  the  b e s t  
c o n d i t i o n s  f o r  t h e  t e s t  w i t h  such  a  s u b s ta n c e  a s  a c e t o n e  l i e  between 
those  a d o p te d  by P e n z o ld t  and by Hanke and K o e s s l e r .  I t  i s  t r u e  t h a t  
coupling  does  t a k e  p l a c e ,  e s p e c i a l l y  w i t h  the  a i d  o f  h e a t ,  i n  th e  
presence  o f  a  l a r g e  e x c e s s  o f  s t r o n g  a l k a l i ;  b u t  i t  i s  a t  b e s t  v e r y  
slow and in c o m p le te  owing to  th e  f a c t  p resu m ab ly  t h a t  t h e r e  i s  l i t t l e  
a c t iv e  c o u p l i n g  d iazo-com pound p r e s e n t  under  such c o n d i t i o n s .  On the  
other hand i n  a  d i l u t e  sodium c a r b o n a t e  s o l u t i o n  o f  a c e to n e  t h e r e  i s  
probably v e r y  l i t t l e  o f  th e  e n o l i c  t a u t o m e r ,  which a c c o r d i n g  to  Dim roth  
and Hartmann | l 908] . i s  th e  o n ly  form c a p a b le  o f  c o u p l i n g ,  p r e s e n t .  The 
g r e a t e r  c o l o u r  p ro d u ce d  by a c e t o n e  by p r o l o n g i n g  th e  t ime o f  c o u p l i n g  
in p resence  o f  d i l u t e  sodium c a r b o n a t e , a s  found by Hanke and K o e s s l e r ,  
or by th e  use  o f  10 p e r  c e n t ,  sodium c a r b o n a t e  i n s t e a d  o f  1 . 1  p e r  c e n t ,  
and k eep ing  th e  c o u p l i n g  t im e  5 m i n u t e s , a s  found by th e  w r i t e r ,  i s  
read i ly  e x p l a i n a b l e  on t h i s  h y p o t h e s i s .  A h ig h  c o n c e n t r a t i o n  o f  weak 
a lk a l i  t h u s  p r o v i d e s  t h e  b e s t  c o n d i t i o n s  f o r  c o u p l in g  a s  i t  does n o t  
g rea t ly  d i m i n i s h  t h e  a c t i v e  d iazo-com pound and  a t  t h e  same t im e  t e n d s  
\  to in c re a s e  t h e  p r o p o r t i o n  o f  e n o l i c  form p r e s e n t .
The great variations in the extent of coupling of different 
substances of this type under such specific conditions as those adopted 
by Hanke and Koessler is also in accordance with the above explanation; 
the proportion of enolic form present under definite conditions being 
very variable for different substances.
I have f u r t h e r  found t h a t  many r e d u c i n g  a g e n t s  may r e p l a c e  
hydroxylamine i n  t h e  p r o d u c t i o n  o f  th e  f i n a l  c o lo u r .  The a d d i t i o n ,  
in s tead  o f  h y d r o x y la m in e , o f  z i n c ,  a lum in iu m ,an d  t i n ,  o r  a  d ro p  o f  v e r y  
d i lu t e  s t a n n o u s  c h l o r i d e , i s  q u i c k l y  fo l lo w e d  by t h e  a p p e a ra n c e  o f  th e  
red c o lo u r .  I n  t h e  c a s e  of  s ta n n o u S  c h l o r i d e  t h e  c o l o u r  i n t e n s i f i c a t i o n  
with a c e t a ld e h y d e  i s  p r a c t i c a l l y  a s  g r e a t  a s  t h a t  o b t a i n e d  w i t h  
hydroxylamine. With th e  f o r m e r ,  however, th e  c o l o u r  i s  u n s t a b l e .  On 
allowing th e  t e s t - t u b e  t o  s t a n d , t h e  c o l o u r  r a t h e r  r a p i d l y  f a d e s  e x c e p t  
on the to p  l a y e r .  By s h a k in g  th e  c o n t e n t s  i t  q u i c k l y  r e t u r n s ,  a p p a r e n t l y  
to i t s  f u l l  e x t e n t .  The p r o c e s s  may be r e p e a t e d  many t i m e s .  We have 
thus p r e s e n t  an  a u t o x i d i s a b l e  s u b s t a n c e ,  c o l o u r e d  i n  t h e  p r e s e n c e  o f  
°xygen, and c o l o u r l e s s  i n  i t s  a b s e n c e .
Besides m e t a l l i c  r e d u c i n g  a g e n t s  we may u se  a c e t a l d e h y d e  and even 
y&lyoerol. The a c t i o n  o f  t h e  l a t t e r  i s  s u r p r i s i n g , a n d  may be due
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c e r t a i n  a ld e h y d e  i m p u r i t i e s  i n  th e  com m erc ia l  p r o d u c t  u s e d  by th e  w r i t e r .
I t  i s  th u s  a p p a r e n t  t h a t ,  a l t h o u g h  hydroxy lam ine  may have an  o t h e r  
than p u r e l y  r e d u c i n g  f u n c t i o n  i n  th e  Hanke and K o e s s l e r  t e s t ,  y e t  i t  
i s  not a  n e c e s s a r y  c o n s t i t u e n t  i n  the  g e n e r a l  t y p e  o f  r e a c t i o n  u n de r  
c o n s i d e r a t i o n .  The Hanke a n d  K o e s s l e r  f o r m u l a t i o n  above g i v e n  i s  t h u s  
inadequate a s  a n  e x p l a n a t i o n  o f  t h e  mechanism o f  th e  r e a c t i o n s  c o n c e rn e d .
The problem l e a d s  us  i n t o  the  d i f f i c u l t  f i e l d  o f  th e  c h e m i s t r y  o f  
the mixed azo-com pounds ,  and  th e  most  s u g g e s t i v e  work h e re  a p p e a r s  to  
he, from our p o i n t  o f  v iew ,  t h a t  o f  Dimroth* Dimroth  and Hartmann &.908] 
consider t h a t  th e  most  p r o b a b l e  r e a c t i o n  w hich  t a k e s  p l a c e  w i t h  an  e n o l  
and diazo-compound i s :
- C.OH -  C.O.U a ITC6H5 -  C r  0
J + HO.N = N.C6Hg —» |   ^
» C  -  0 = C - N =  N.C6H5 ,
that i s ,  t h e  f o r m a t i o n  i n  th e  f i r s t  p l a c e  o f  a n  O-azo-compound fo l lo w e d  
by the m i g r a t i o n  o f  t h e  b e n z e n e a z o - r a d i c l e  t o  a  c a r b o n  a tom , w i t h  th e  
simultaneous d i s a p p e a r a n c e  o f  th e  double  bond.  They found t h a t  th e  e n o l i c  
form of t r i b e n z o y l m e t h a n e  c o u p l e s  t o  g i v e  a y e l lo w  O-azo-compound ( I ) ,  
*bich by h e a t  i s  t r a n s f o r m e d  t o  a r e d  G-azo-compound ( I I ) ,  which  by 
ther h e a t  i s  t r a n s f o r m e d  t o  a c o l o u r l e s s  h y d r a z one ( I I I ) ,  th r eM S  i l
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(I)  y e l l o w  ( I I )  r e d  ( I I I )  c o l o u r l e s s
By r e d u c t i o n  o f  t h e  r e d  compound ( I I )  t h e r e  i s  p roduced  a l e u c o -  
compound which  i s  r e a d i l y  r e o x i d i s e d  w i t h  a tm o s p h e r i c  oxygen or  o x i d i s i n g  
agents  to  t h e  r e d  s u b s t a n c e .  I t  may be o b se rv e d  t h a t  th e  h y d r a z o n e - f o r m ; 
and n o t  the  a z o - f o r m ,  i s  r e g a r d e d  by Dim roth  a s  t h e  s t a b l e  one i n  such 
mixed azo-compounds .
P a r t l y  on t h i s  ano lo g y  th e  f o l l o w i n g  scheme i s  s u g g e s t e d  f o r  the  
r e a c t io n s  t a k i n g  p l a c e  when u s i n g  a c e to n e  and d i a z o b e n z e n e - p - s o d i u m -  
8ulphonate.
Acetone (A) i n  th e  p r e s e n c e  o f  f a i r l y  c o n c e n t r a t e d  sodium c a r b o n a t e  
w i l l  t en d  t o  form th e  sodium s a l t  o f  th e  e n o l i c  t a u to m e r  ( B ) , which 
in p resen c e  o f  the  d iazo-compound f i r s t  forms a n  O-azo-compound (C) or  
according t o  Auwers jl908j aiv O -d iazonium  s a l t .  Then f o l l o w s  a  m i g r a t i o n  
of the  a r y l a z o —group t o  t h e  c a r b o n  atom w i t h  t h e  f o r m a t i o n  o f  a  t r u e  
aao-compound (D )* which ,  however ,  i s  u n s t a b l e  in. t h e  sodium c a r b o n a t e  
medium and chang es  t o  t h e  hydrazone  ( E ) . T h is  may be r e g a r d e d  a s  t h e  
and p o in t  o f  t h e  r e a c t i o n  i n  t h e  sodium c a r b o n a t e  c o u p l i n g  medium. With 
ace ta ldehyde  the  c o l o u r  chan ges  d u r i n g  the  f i r s t  s t a g e  o f  t h e  r e a c t i o n  
are v e ry  marked and a p p e a r  t o  c o r r e s p o n d  w i t h  th e  f o r m a t io n  o f  p r o d u c t s
c o r re spo n d ing  t o  ( 0 ) ,  (D ) , and (E).  The c o l o u r  i s  f i r s t  y e l lo w
co rre sp on d in g  t o  0, t h e n  a marked red  c o l o u r  a p p e a r s  due p r o b a b l y  to
*
the p r e s e n c e  o f  t h e  azo  compound (D), and f i n a l l y  t h e  c o l o u r  r a p i d l y  
fades t o  a  p a l e  y e l lo w  c o r r e s p o n d i n g  to  the  f o r m a t io n  o f  t h e  hydrazone
(E). The a d d i t i o n  o f  sodium h y d ro x id e  a f t e r  5 m in u te s  ha s  b e en  a l l o w e d  
for c o u p l in g  i n  th e  sodium c a r b o n a t e  medium, i s  g e n e r a l l y  f o l lo w e d  by 
the p r o d u c t i o n  o f  a s l i g h t  r e d  c o l o u r .  T h is  may be a c c o u n te d  f o r  by 
the ten d e n cy  o f  h y d raz o n es  to  r e v e r t  t o  azo-compounds i n  t h e  p re s e n c e  
of s t r o n g  a l k a l i t h e  r e v e r s e  p r o c e s s  o c c u r r i n g  w i t h  s t r o n g  a c i d .
|$ee Sidgwick,  1910^. The s t r o n g  a l k a l i  i t s e l f ,  however ,  p ro d u c e s  
l i t t l e  change i n  t h e  a b se n c e  o f  a  r e d u c i n g  a g e n t .  I n  t h e  p r e s e n c e  o f  a  
reducing a g e n t ^ J a owove-gv. i t  seems p r o b a b le  t h a t  th e  hydrouiflneis r e d u c e d  
to the  h y d ra z id o  compound ( F ) . S idgwick  n o t e s  t h a t  by c a r e f u l
reduct ion  i n  a l k a l i n e  s o l u t i o n  t h e  f o l l o w i n g  r e a c t i o n  t a k e s  p l a c e :  
Ph.KH.N « CH.COOH -----» Ph.NH.NH.CHgC00H.
As hydrazo-compounds o f  t h e  t y p e  Ph.UH -  UH.Aryl a r e  th e  l e u c o -  
Qompounds o f  t h e  c o r r e s p o n d i n g  a z o - d y e s ,  i t  a p p e a r s  p r o b a b l e  t h a t  
the hydrazido-compound (F) i s  th e  s u b s ta n c e  p ro d u ce d  by r e d u c t i o n  and 
|tk a t t h i s  i s  changed by a tm o s p h e r i c  oxygen t o  t h e  azo-eompound (G),
The d i s a p p e a r a n c e  o f  c o l o u r  on s t a n d i n g  and i t s  a p p e a ra n c e  on exposure  
to a tm o s p h e r ic  oxygen a r e  t h u s  r e p r e s e n t e d  by the  e q u i l i b r i u m  between
(F) and ( 3 ) .
I t  would a l s o  a p p e a r  p o s s i b l e  t h a t  i n  th e  c ase  o f  a c e t o n e ,  a f t e r
the m i g r a t i o n  o f  th e  b e n z e n e a z o -g ro u p  to  a n  end c a rb o n  atom, t h a t  a n
e th y len e  l i n k a g e  may a p p e a r  a t  t h e  o t h e r  end o f  the  m o le c u l e ,  and by
a r e p e t i t i o n  o f  t h e  p r o c e s s  t h e  f o l lo w in g  b i s a z o « c  ompound form': .T
CH£ - N  3 S .C g H ^ S O g N a
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The c a r b o x y l - g r o u p  i n  p r e s e n c e  o f  hydroxy lam ine  may s t i l l  form a n  
oxime a s  s u g g e s t e d  by Hanke and K o e s s l e r ,  and  by so  d o in g  i n c r e a s e  
the s t a b i l i t y  o f  t h e  c o l o u r .
There i s  a l s o  th e  p o s s i b i l i t y  o f  fo rm a z y l  f o r m a t i o n  i n  c e r t a i n  o f
the compounds g i v i n g  t h i s  t y p e  o f  r e a c t i o n .  Thus m a lo n ic  e s t e r  g i v e s  
* i th  d iaz o b en z en e  i n  a l k a l i n e  s o l u t i o n  a  p h e n y lh y d ra zo n e  o f  m a lon ic  e s t e r
These are usually dark red crystalline substances giving on reduction 
colourless hydrazones j^ ee Cain 19£g) .
The subject is thus a very complex one and it would appear that the 
course of the reaction can only be determined by the isolation and 
analysis of the final red products from each substance concerned. For 
although these diazo-reactions appear to follow a general type 
acetoacetic acid, for examole, and its simple substitution products 
show a different behaviour with diazo~compounds| Jsee Cain>192oj.
(2) Tyros ine  and T y ram in e»
Hanke and E o e s s le r  |^192£, d isc o v e r e d  th a t  t y r o s in e  and tyramime 
give in  a v ery  b e a u t i f u l  f a s h io n ,  and indeed  q u a n t i t a t i v e l y ,  the k e to -  
«nol type o f  d i a z o - r e a c t i o n .  P ara-h ydroxyphenylp rop ion ic  a c id  and 
P-hydroxyphenyllaetic  a c id  behave a s  normal p h e n o ls ,  the presence  o f  




(p o s i t iv e  t e s t )
p -h y d r o x y lp h e n y l l la c t ic  a c id  
(n e g a t iv e  t e s t )
The w r i t e r  has t e s t e d  p -n itr o p h e n o l  and p-aminophenol hut w ith  
negative  r e s u l t s .  He has a l s o  found th a t  ty r o s in e  g i v e s  the P en zo ld t  
aldehyde t e s t  hut o n ly  in  the p resen ce  o f  a m e t a l l i c  reducing  a g e n t .
When the red co lou r  o b ta in ed  in  the P en zo ld t  t e s t  w ith  g lu c o s e  i s  
discharged hy shaking in  the p resen ce  o f  oxygen, i t  i s  r eco v era b le  
by the a d d i t io n  o f  hydroxylamine a s  w e l l  a s  hy m e t a l l i c  r e d u c e r s .
The use o f  stan nou s c h lo r id e  in  p la c e  o f  hydroxylamine h yd ro ch lo r id e  
in the Hanke and K o e ss le r  method g iv e s  the c h a r a c t e r i s t i c  i n t e n s i f i c a t i o n  
of c o lo u r . As w ith  the k e t o - e n o l i c  su b s ta n c e s ,  the c o lo u r  fa d es  r a th er  
rapidly e x ce p t  on the su r fa c e  la y e r  and i s  q u ic k ly  reg e n e ra te d  hy 
Bhaking. As b e fo re  the p r o c e s s  can he r ep ea ted  many t im e s .
The p a r a l l e l  behaviour o f  t y r o s in e  w ith  the k e t o - e n o l i c  tautom ers  
thus l e a v e s  l i t t l e  doubt th a t  the red compound produced in  both  o a se s
is  of the same ty p e ,  and, in  the case  o f  ty r o s in e  i s  e x p la in a b le  by a 
set o f  r e a c t io n s  s im i la r  t o  th a t  o u t l in e d  fo r  a c e to n e .  The i n i t i a l  
formation o f  an O-azo compound i s  in  conform ity  w ith  the c o n c e p t io n s  o f
in the case  o f  t y r o s i n e ,  through the in f lu e n c e  o f  the NHg -  group in
the s id e - c h a in ,  the m ig r a t io n  o f  the a r y la z o  group i s  in  some way a f f e c t e d ,
or the hydrazone s tr u c tu r e  i s  the more s ta b le  form a s  in  the mixed azo-
As Hanke and K o e s s le r  have sh o w n ,th e ir  t e s t  fo r  ty r o s in e  i s  a h ig h ly  
sen s it iv e  one, a d i s t i n c t  c o lo u r  b e in g  obta in ed  by 0 .0 0 5  mg. o f  ty r o s in e  
in a volume o f  10 c c .  The w r i t e r  has a l s o  found the t e s t  to  be a v ery  
useful one, a s  in t e r f e r e n c e  from k e t o - e n o l i c  su b sta n ces  can a s  a r u le  
be r ea d ily  e l im in a t e d  by d i s t i l l a t i o n  or other  means. Glucose may be 
said to g iv e  a n e g a t iv e  t e s t ,  though in  very  h igh  c o n c e n tr a t io n  a s l i g h t  
in t e n s i f i c a t io n  i s  ob ta in ed :  ( in d ic a t in g  t h a t  the P en zo ld t t e s t  i s  g iv e n  
by decom position p rod u cts  o f  g l u c o s e ) .  Hanke and K o e ss le r  | l 922, have 
als© d escr ib ed  methods fo r  the s e p a r a t io n  o f  ty r o s in e  from other  p h e n o ls .
Wie t e s t  a l s o  p r o v id e s  a means o f  d e t e c t in g  ty r o s in e  in  p resen ce  o f  
bsinazoles, a p o in t  which has been s h o r t ly  d e a l t  w ith  by the w r i t e r s  Hunte r
Chattaway and H i l l  o f  the mechanism o f  the c o u p lin g  o f  p h e n o ls ,  but
c o m p o u n d s . No <w«- U ,  ^  S n a U d .
ee paper 4ftB8gted»pff
(3) Thymine.
The t e s t  f o r  thymine has a lrea d y  been d e s c r ib e d .  Here a g a in , t h e  
f in a l  c o lo u r  hehaves w ith  stannous c h lo r id e  a s  does t h a t  from aceton e  
or t y r o s in e ,  and the c o lo u r  produced by hydroxylamine i s  v e ry  s t a b l e .
The f a c t  th a t  u r a c i l  and c y to s in e  do not g iv e  the t e s t  i s  perhaps  
no more remarkable than th a t  p -h y d ro xy lp h en y lp rop io n ic  a c id  and 
s im ilar  su b s ta n c es  w ith o u t  an amino-group in  the s id e - c h a in ,  do not  
behave a s  t y r o s i n e .  The m ethyl-group in  the 5 - p o s i t i o n  o f  thymine 
has an e f f e c t  on the r e a c t io n  a p p a re n tly  ana logous to  th a t  o f  the  
amino-group in  the  s id e - c h a in  o f  t y r o s in e .  In the case  o f  thymine 
we must a l s o  suppose th a t  the l a b i l e  hydrogen m ig ra te s  between a carbon  
and a n i t r o g e n  atom.
7. E h r l ich 's  Diazo~Keaction.,or the Diazo-Reaction of Urochromogen.
This i s  the o l d e s t  o f  the d ia z o -r e  a c t  io n s  w ith  which b io c h e m is try  
is  concerned, but a s  y e t  th e  substance  r e s p o n s ib le  fo r  i t  has not been  
iso la ted . There i s  an e x t e n s iv e  c l i n i c a l  l i t e r a t u r e  on the t e s t ,  which  
has been review ed up to  1909 by Huber who q u otes 261 r e fe r e n c e s  in c lu d in g  
some 30 t h e s e s  or d i s s e r t a t i o n s  on the s u b j e c t .  Our main i n t e r e s t  in  the  
reaction  w i l l  be c o n f in e d  to  i t s  o h a r a c t e r i s a t io n ?and d i f f e r e n t i a t i o n  
from the d ia z o - r e a e t io n s  p r e v io u s ly  studied*,and to  a c o n s id e r a t io n  o f  
the probable natu re  o f  the  su b stan ce  g iv in g  the r e a c t io n .
The r e a c t io n  was f i r s t  d e sc r ib e d  by E h r l ie h  [ l 8 6 £ ] . Further  d e s c r ip t io n s  
of the t e s t  and i t s  a p p l i c a t io n  fo l lo w e d  s h o r t ly  a f t e r ^ E h r l ic h ,  1883 ,1 ;  
1883,2; 1884J • In  h i s  f i r s t  paper E h r l io h  used a sa tu r a te d  s o lu t io n  
of su lp h a n i l ic  a c id  in  n i t r i c  a c id  (30-50  c c .  o f  c o n c .n i t r i c  a c id  in  
500 o o . ) .  To t h i s  he added "a few g r a n u le s ” o f  sodium n i t r i t e ,  
tbat the rea g en t  c o n ta in e d  no f r e e  n i t r o u s  a c id .  He a l s o  recommended 
ammonium hydroxide or potassium  hydroxide a s  a l k a l i .  A f te r  the  
publioation o f  the papers by p e n z o ld t  and by P e t r i  (see pg.,3^ E h r l ic h  j l 8 8 3 , i j  
recommended the use  o f  a sa tu r a te d  s o l u t i o n  o f  s u lp h a n i l i c  a c id  c o n ta in in g  
’ ®0 0 0 . o f  con c . h y d ro c h lo r ic  a c id  per l i t r e ,  s t a t i n g  a t  the same time th a t
\Uc$
1  gm.of s u lp h a n i l i c  a c id  per l i t r e  s u f f i c e s .  The rea g en t  was then made 
by adding 5 c c .  o f  0 .5  per cen t sodium n i t r i t e  s o l u t i o n  to  250 c c .  o f  the  
su lp h an ilic  a c id  s o l u t i o n .  And^as P en zo ld t  and P e tr i  had shown* th a t  g lu c o se  
gives a c o lo u r  w ith  the r ea g e n t  in  c o n ta c t  w ith  potassium  h yd rox id e ,  
ghrlich d e f i n i t e l y  s t a t e d  th a t  ammonium hydroxide was the  p r e fe r a b le  
a lk a li  for  h i s  t e s t ,  a lth ou gh  i t  g i v e s  a y e l lo w  c o lo u r  w ith  the r ea g e n ts  
alone. Later |5 h r l ic h ,  I884J he stated^ th a t  a rea g en t c o n ta in in g  15 e o .  
of hydrochloric  a c id  per l i t r e  ( th a t  recommended fo r  the b i l i r u b i n  diazo»- 
reaction , see  p g . 5 5  ) g i v e s  the c h a r a c t e r i s t i c  co lo u r  t e s t  but n o t  the 
green p r e c ip i t a t e  ( se e  below) o b ta in ed  w ith  the more s t r o n g ly  a c id  r e a g e n t .
The t e s t  i s  th u s f u l l y  d e sc r ib e d  by ^ h r l ic h  [ l8 8 3 , l j  : To a t e s t - t u b e
one-third f i l l e d  w ith  u r in e  an equal volume o f  d ia z o -r e a g e n t  i s  added 
followed by e x c e s s  o f  ammonium hydrox id e. A p o s i t i v e  t e s t  i s  in d ic a te d  
by the appearance o f  an in te n se  s c a r l e t  or oarmine c o lo u r ,  e s p e c i a l l y  marked 
in the foam o b ta in ed  by v ig o r o u s  sh ak in g . When a llo w ed  to  sediment fo r  
12 to 24 hourb the upper s t r a t a  o f  th e  a l k a l i n e  e a r th y  p r e c i p i t a t e  are  
coloured green , o r ,  when the urine  c o n ta in s  r e l a t i v e l y  la r g e  amounts o f  
aromatic hydroxy a c i d s ,  v i o l e t .  The g reen  dye i s  very  s t a b le  and d i f f i c u l t y
\
%
soluble. i t s  c o lo u r  i s  changed to  red  w ith  a c id s  and i s  r e c o v e r a b le  by 
•gain malting a l k a l i n e .
E h rlich  a p p l ie d  the t e s t  to  most o f  the common u r in a ry  c o n s t i tu e n ts^  
but could f in d  no su bstance  which behaved l i k e  t h i s  c o n s t i t u e n t  o f  
urine from f e b r i l e  c o n d i t io n s .  He observed th a t  i t  i s  a red u c in g  substance  
and i s  very  r e a d i ly  o x id i s e d ,  e s p e c i a l l y ,  in  a lk a l in e  s o l u t i o n .  The
addition o f  a few drops o f  potassium  permanganate, ca lc ium  o x y c h lo r id e
s
or other o x id i s in g  a g e n ts ,  q u ic k ly  d e s tr o y ed  the su bstance  g i v in g  the  
d ia zo -rea c tio n . With r e s p e c t  to  o x id i s in g  a g e n ts  he observed i t s  
resemblance to  p y r o g a l lo l .
Ehrlioh  and B r ie g e r  [f ih r lich , 1884} attem pted  to i s o l a t e  the su b sta n c e .  
They found th a t  i t  i s  n o t p r e c ip i t a t e d  by n e u tr a l  lea d  a c e t a t e  but th a t  
it  i s  p r e c ip i t a t e d  by b a s ic  le a d  a c e t a t e .  The l a t t e r  p r e c i p i t a t e  was w e l l  
washed and fr e e d  from le a d  by H^S. ' h^e f i l t r a t e  from le a d  su lp h id e  was then  
evaporated, mixed w ith  a lc o h o l ,  and t r e a te d  w ith  o x a l ic  a c id ,  to  remove u rea .  
(J>,he f i l t r a t e  was a g a in  evaporated  and t r e a t e d  w ith  ca lc iu m  ca rb o n a te . The 
e&leium s a l t  they found to  be s o lu b le  in  a lc o h o l  and in s o lu b le  in  e th e r .
^hey record th a t  the ca lc iu m  or z ino s a l t s  g iv e  an e x q u i s i t e  c o lo u r  w ith  
the d ia z o - t e s t ,  but found them to  be too  u n s ta b le  to  perm it o f  fu r th e r  
Progress in  the p u r i f i c a t i o n  o f  the  su b s ta n c e .
**uring the next t h i r t y  y e a r s ,  which saw the growth o f  the  la r g e  e l l m ie a l
l i t e r a t u r e  a lre a d y  r e fe r r e d  to ,  i t  i s  no o versta tem en t to  say th a t  
p r a c t i c a l l y  noth ing  was added to  our knowledge o f  the natu re  o f  the  
substance g iv in g  the r e a o t io n .  Nor would i t  appear th a t  any o f  the  
variou s m o d i f ic a t io n s  su g g es ted  in  t h i s  p er iod  fo r  perform ing the t e s t ,  
has any advantage over the o r ig in a l  tech n iq u e  d e sc r ib ed  by S h r l i c h .
The per iod  i s  a d e q u a te ly  covered  by Huber’ s monograph [ l9 0 9 ] .
The f i r s t  s i g n i f i c a n t  advance a f t e r  £ h r l ic h * s  s t u d i e s ,  was made by 
Moritz Weiss in  a s e r i e s  o f  papers d a t in g  from 1906. The main t h e s i s  
of Weiss i s ,h o w e v e r ,  in c lu d ed  in  a s e r i e s  o f  papers on the  pigment 
a n a ly s is  o f  ur ine  p u b lish e d  s in c e  1920, to  which papers we may fo r  the  
present c o n f in e  our a t t e n t io n /^ W e is s ,  1920 ,1 ;  1 9 2 0 ,2 ;  1922;  1 9 23 ,1 ;  
1 9 £ 3 , i .
The main f in d in g s  o f  W eiss are th a t  the su b stan ce  g iv in g  E h r l i c h ' s  
diazo r e a c t io n :
(a) i s  not p r e c i p i t a t e d  by f u l l  s a t u r a t io n  w ith  (NH4 ) gS0^, a n d 'I t ,  thu s  
occurs in  the urochrome f r a c t io n  o f  Garrod. Like urochrome i t  i s  
extrao tab le  from the ammonium su lp h a te  s o l u t i o n  w ith  a b s o lu te  a l c o h o l .
HO i s  n o t  p r e c i p i t a t e d  by n e u tr a l  le a d  a c e t a t e  but by e x c e s s  o f  le a d  
acetate  in  p resen ce  o f  a d e f i n i t e  e x c e s s  o f  sodium h yd rox id e . By t h i s
me an8 i t  i s  sep a ra b le  from v a r io u s  o ther  u r in ary  p igm ents, which are  
p r e c ip i ta te d  by n e u tr a l  le a d  a c e t a t e ,  and from im in azo le  d e r iv a t iv e s ^  
which are not p r e c i p i t a t e d  by n e u tr a l  or b a s ic  le a d  a c e t a t e ,
(c) i s  o x id is e d  by potassium  permanganate to  a y e l lo w  substance  
regarded by Weiss a s  i d e n t i c a l  w ith  urochrome, and u l t i m a t e l y  o x id is a b le  
to a m elan in e ,term ed  by -Wo i -se urom elan ine,
Weiss ^1920,2 ] summaries the p r o p e r t ie s  o f  the su bstance  which he 
thus o a l l s  urochromogen:
It has a c id  p r o p e r t i e s ,  a s  i t  forms s a l t s  so lu b le  in  w ater  and a l c o h o l ,  
but in s o lu b le  in  e t h e r .  I t  g i v e s  a s tro n g  x a n th o p r o te ic  a c id  t e s t ,  and 
i t s  s o lu t io n s ,w h e n  h ea ted  w ith  25 per c en t,  su lp h u r ic  a c id  and potassium  
bichromate have the odour o f  p h en aceta ldehyd e; on the  b a s i s  o f  which  
t e s t s  i t  i s  c o n s id er ed  to  be a p h en y la la n in e  d e r iv a t iv e  p o s s e s s in g ,  
on the ev id en ce  o f  i t s  p o s i t i v e  d i a z o b t e s t ,  a t  l e a s t  one hydroxy l-group .  
It g iv e s  a n e g a t iv e  M il lo n * s  t e s t  and a n e g a t iv e  g l y o x y l i c  a c id  t e s t , s o  
that ty r o s in e  and tryptophane d e r i v a t i v e s  are  e l im in a te d .  As i t  g i v e s  
* greenish c o lo u r  w ith  f e r r i o  c h lo r id e  in  n e u tr a l  s o l u t i o n , i t  i s  
considered probable  th a t  the s id e - c h a in  i s  in  the o - p o s i t i o n  to  the  
hydroxyl-group. On the  e v id en ce  o f  the p o s i t i v e  permanganate t e s t ,  i t s
oxidation in  p resen ce  o f  a l k a l i , a n d  i t s  power to  reduce ammoniaoal s i l v e r  
s o l u t i o n s , i t  i s  o o n s id ered  th a t  o ther  a t o n ic  groups are probably  p r e s e n t .  
As W eissj l9E 2]found  le a d -b la o k e n in g  sulphur p r e se n t  in  urom elanine  
prepared from p u r i f i e d  f r a c t i o n s  o f  urochromogen, he c o n s i d e r s , i n  h i s  
la s t  paper o f  t h i s  s e r i e s  ^Weiss 1 9 2 3 , jTj, th a t  urochromogen i s  probably  
a d e r iv a t iv e  o f  p h e n y lc y s te in e .
Urochromogen i s  regarded by Weiss a s  a normal c o n s t i t u e n t  o f  u r in e .
The f in d in g s  o f  Weiss r e s t  fo r  the main part on the use o f  iS h r l ic h 's  
reagent and te c h n iq u e ,  For the e s t im a t io n  o f  urochromogen he a d v is e d  the  
use of sodium hydroxide a s  a l k a l i  jw e is s  1923,2].
CLM'
From ^ in v e s t ig a t io n  o f  u r in e  from tu b er cu lo u s  p a t i e n t s  Hermanns and 
Sachs |l921^l[ concluded  th a t  the  su bstance  g iv in g  the  d ia z o - r e a c t io n  
is a su lph uric  a c id  e th e r  o f  an o x id a t io n  product o f  t y r o s i n e .  Their  
svidence r e s t s  on the f in d in g  th a t  the e th e r  e x tr a c t  o f  the  u r ine  gvves 
a greenish f e r r i c  c h lo r id e  t e s t ,  a p o s i t i v e  M i l lo n f s t e s t ,  b e s id e s  
decolorising  bromine and permanganate s o lu t io n s ,a n d  reducing  ammoniacal 
s i lver . The p resen ce  o f  su lphur was in d ic a te d  by f in d in g  i t  in  an e th e r -  
pyridine e x t r a c t  o f  the  u r in e  a f t e r  a d d i t io n  o f  d ia z o t i s e d  d ic h lo r o a n i l in e  
to a lka line  s o l u t i o n .  The d ye ,h ow ever , was not ob ta in ed  in  a pure s ta te *
Hermanns [l9£E] prepared a dye a s  f o l lo w s :  10 l i t r e s  o f  ur ine  from
tu b er cu lo s is  was made a c id  to  Congo red and h eated  fo r  5 m inu tes on 
a gauze. (This procedure i s  to hyd ro lyse  the su lp h u r ic  a c id  e th e r  
supposed to  he p r e sen t  by Hermanns and S a c h s .)  The u r in e  was then  
cooled and made a lk a l in e  w ith  sodium hydroxide and s u f f i c i e n t  d ic h lo r o -  
diazobenzene added. The dye, recov ered  from the e th e r -p y r id in e  e x t r a c t ,  
was then e x tr a c te d  in  a S o x h le t  apparatus w ith  e th e r .  From the l a t t e r  
i t  was p r e c ip i t a t e d  w ith  p e t r o l - e t h e r .  By rep ea ted  s o lu t io n  in  e th e r  and 
p r e c ip i ta t io n  w ith  p e t r o l - e t h e r ,  dark red ir r e g u la r  prism s were f i n a l l y  
obtained, which on m ic r o a n a ly s is  l e d  to  the formula C^HgNgClgO^; the  
or ig inal su bstance  thu s having the com p osit io n  CgHyO^. The substance  
they thus regard  a s  a po lyphenol w ith  probably a cumarone n u c leu s :
Hermanns and Sachs a p p l ie d  a s im i la r  procedure to  urine  from
a patient w ith  carcinoma o f  the l i v e r .  The su b stan ce  f i n a l l y  c r y s t a l l i s e d
. is
la short dark-red  n e e d l e s .  An isom er, which c r y s t a l l e d  in  w edges, but 
gave the same a n a ly s i s ,w a s  a l s o  p r e s e n t .  The formula o f  the  coup led
product was found to  be c 1 0 H8N0g* G6H3N2c l g0 ^ om  which the o r ig i n a l  
substance i s  r e p r e se n te d  by ^1 0 ^ 9 ^ 5 * Hermanns and Sachs thus regard  
the o r ig in a l  su bstance  and dye formed from i t  a s  r ep re sen ted ;
OH OH
O.CH«.OOOH C.CHo .C00H
m  OlgCgHgHg NH
Hydroxyl in d o le  a c e t i c  a c id .
The substance  gave a u r o r o se in  r e a c t io n  w ith  n i t r o u s  a c id .
Hermanns and Sachs fu r th e r  observe th a t  t h i s  dye i s  not s e n s i t i v e  
to a c id s;  the s c a r l e t - r e d  c o lo u r  obta in ed  by co u p lin g  in  an a lk a l in e  
medium remains red , even on h e a t in g ,  when the s o l u t i o n  has been made 
acid.
The w r i t e r  has made v a r io u s  a ttem p ts  to  i s o l a t e  the su b stan ce  g iv in g  
Ehrlich’ s d ia z o -r e a c t io n ^ b u t  so fa r  w ith o u t s u c c e s s .  In  the course o f  
th is  work, however, th ere  have emerged c e r t a i n  i n d ic a t io n s  a s  to the  
probable na tu re  o f  the su b s ta n c e ,  and a new method has been su g g es ted  
for performing the t e s t ,  whereby t h i s  ty p e  o f  d ia z o - r e a c t io n  i s  rendered  
W .te d i s t i n o t  from a l l  o th er  ty p e s  w ith  w hich we are  concerned . This
te s t  lias a lre a d y  been b r i e f l y  d e sc r ib e d  by the w r i t e r  |~Hunter, 1925^
I t  i s  o f  some i n t e r e s t  to observe the behaviour o f  urochromogen towards
d if fe r e n t  d ia z o - r e a g e n t s 7and u s in g  d i f f e r e n t  a l k a l i e s .  N^ o te . Urochromogen
is  here used m erely  a s  a con ven ien t term fo r  the  su b s ta n c e ,  and w ith ou t
prejudice a s  to  i t s  r e l a t io n s h ip  to  o th er  u r in a ry  pigmentsij. Thus, we
may take E h r l i c h ' s  d ia z o —reagen t which c o n ta in s  no f r e e  n i t r o u s  a c id ,  (see
pg,55)and the K o e s s le r  and Hanke d iazo—rea g en t which has an e x c e s s  o f
n itrous a c id ,  (see pg. ; we may choose a s  a l k a l i e s  ammonium hydroxide,
sodium carbonate  and sodium h yd rox id e.
I f  1 c c .  o f  B h r l ic h * s  rea g en t  i s  taken  in  3 tub es  and the f i r s t  made
a lka line  w ith  ammonium hyd rox id e , the second w ith  sodium carb on ate ,an d
the th ir d  w ith  e x c e s s  o f  sodium hydroxide^and a drop o f  p o s i t i v e
urine added to  each  tu b e 7we f in d  th a t  i n  the  f i r s t  two tu b es  a b r ig h t
red colour im m ediate ly  f l a s h e s  up and fa d e s  q u ic k ly ,  but no co u p lin g  ta k es
place in  the t h ir d  tu b e . Of c o u r se ,  a s l i g h t  y e l lo w  co lo u r  s lo w ly  d eve lop s
in the f i r s t  two tu b es  through the c o u p lin g  o f  the diazo-compound w ith
r\
the e x ce ss  o f  s u lp h a n i l i c  a c id  in  s o l u t i o n .
I f  we rep ea t  the procedure w ith  the  B o e s s le r  and Hanke reagen t the  
•a®* f in d in g s  are  o b ta in e d .
I f  we now tak e  1 c c .  o f  E h r l i c h ' s  reagen t in  3 tu b es  and add to  each  
2 drops o f  the u r in e  no c o lo u r  appears in  the a c id  s o l u t i o n .  I f  we then
m&ke a lk a l in e  a s  b e fo re  w ith  ammonia, sodium ca rb o n ate ,an d  sodium
hydroxide, we im m ediately  o b ta in  c o lo u r s  in  a l l  tubes*, but in  p resen ce
of e i t h e r  ammonia or sodium carbonate the  c o lo u r  i s  u n s t a b le ,  whereas in
presence o f  sodium hydroxide the c o lo u r  i s  r e l a t i v e l y  s t a b l e .
I f  to  1 c c .  o f  the  K o e ss le r  and Hanke rea g en t  we add 2 drops o f  u r in e  
%he»  a d i s t i n c t  y e l lo w  c o lo u r  q u ic k ly  a p p ea rs . I f  a l k a l i  i s  th en  added 
no red c o lo u r  i s . o b t a i n e d .  The same y e l lo w  co lou r  i s  o b ta in ed  on adding  
the urine to  a d i l u t e  s o l u t i o n  o f  n i t r o u s  a c id .
We may conclu de  from th e s e  t e s t s  th a t  the su bstance  g iv in g  E h r l ic h Ts 
reaction  i s  d e s tr o y ed  by n i t r o u s  a c id .  As in  E h r l i c h ' s  tech n iq u e  the  
substance i s  f i r s t  i n  c o n ta c t  w ith  the a c id  d ia z o -r e a g e n t  i t  i s  c l e a r  why 
he emphasised th a t  the rea g en t  used  fo r  h i s  t e s t  should n o t  c o n ta in  
free n i t r o u s  a c id .
In the second p la c e  the a z o -c o lo u r  produced i s  very  u n sta b le  in  an 
excess o f  weak a l k a l i  but r e l a t i v e l y  s t a b le  in  p resen ce  o f  s tro n g  a l k a l i ,  
da excess  o f  n i t r o u s  a c id  in  the r ea g e n t  has no e f f e c t  on the t e s t  pro­
vided the rea g en t  i s  made a l k a l i n e  b e fo re  the  a d d i t io n  o f  the u r in e .
It'U
•L'he su bstance  does not couple  in  presen ce  o f  e x c e ss  o f  s tron g  a l k a l i .
I ts  speed o f  c o u p lin g  is ,h o w e v e r ,  so rap id  th a t  i f  the su bstance  i s  a lr e a d y  
disso lved  in  the  r e a g e n t ,  c o u p l in g  ta k e s  p la c e  b e fo re  an e x c e s s  o f  a l k a l i  
oan be added.
The y e l lo w  c o lo u r  o b ta in ed  w ith  n i t r o u s  a c id  i s  probably r e la t e d  to
the f a c t  th a t  the  su b stan ce  g i v e s  a marked x a n th o p r o te ic  a c id  t e s t .
rj-’he w r i t e r  has p r e v io u s ly  su g g es ted  th a t  f o r  q u a l i t a t i v e  purposes
the B h rlich  t e s t  i s  b e s t  performed by adding a s in g le  drop o f  u r in e  to
the k o e s s le r  and Hanke rea gen t made a lk a l in e  w ith  sodium c a rb o n a te .  The
great i n s t a b i l i t y  o f  the a z o -c o lo u r  produced from urochromogen thu s
d i f f e r e n t ia t e s  t h i s  type o f  r e a c t io n  from the o th er  ty p e s  d e sc r ib e d .  The
d iazo -reaction s  o b ta in ed  in  n a t iv e  u r in e  in  a l k a l i n e  s o l u t i o n  were d iv id ed
by the w r ite r  in t o  two ty p e s  c a l l e d  fo r  conven ien ce  Type A and Type B,
but only w ith  the l a t t e r  are  we here concerned . The urochromogen r e a c t io n
and c e r ta in  o f  i t s  r e l a t i o n s h i p s  are  d escr ib ed  under "Type B" in  -fcfee- 
* 1.. UoJ>*
soi l  owing -e x c e r p t  fr -oa- my paper -^Hunt or 10G 6|I- • (Hote: "Type A" d ia z o -
reaetion i s  not a "type" in  the sen se  under which I have in  t h i s  t h e s i s  
oadeavoured to  s y s te m a t is e  d i a z o - r e a c t i o n s ) .
\
^ I x u e r t  Exce rpt)
I $ 5
There appears no rea so n  to b e l i e v e  th a t  th ere  i s  more than one 
substance to  which we may a t t r i b u t e  the tru e  E h r l ic h  d i a z o - r e a c t i o n ,o r  
the m o d if ic a t io n  o f  i t  d e sc r ib e d  in  Paper No, 5 . The u r o r o se in  d e r iv a t iv e  
obtained from the u r in e  in  carcinoma o f  the l i v e r  by Hermanns and Sachs 
does not g iv e  a t y p i c a l  E h r l ic h  r e a c t io n  a s  i t s  co lo u r  i s  not s e n s i t i v e  
to acid ; a f in d in g  in  accordance w ith  the behaviour o f  an in d o le  d e r iv a t i v e ,
The su g g e s t io n  o f  Hermanns th a t  the substance  i s  a cumarone d e r iv a t iv e  
appears to  the w r i t e r  o f  much i n t e r e s t  a s  cumarone c o n ta in s  an e th y le n e
composition o f  th e  su b stan ce  a s  found by Hermanns cou ld  th u s r e a d i ly  be 
formulated a s  f o l lo w s :
OH
the formula demanding a co m p o sit io n  o f  CqHq0 4  in s te a d  o f  CqH^04 g iv e n  by
Hermanns. Such a su bstance  would most probably g iv e  a l l  o f  the r e a c t io n s
*hich have been  d e sc r ib e d  fo r  urochromogen. The wort o f  Hermanns, however,
*111 require to  be confirm ed b e fo r e  the above fo rm u la tio n  o f  urochromogen 
be taken a s  more than a s u g g e s t io n .
linkage and may form a compound o f  the  type d e sc r ib e d  by B au disch . The
OH
8. M iscellaneous B iazo-heactions.
A . Peptones and P r o t e in s *
P e tr i  [1 8 8 4 ] observed th a t  when an a c id  s o l u t i o n  o f  d ia zob en zen e-  
p-sulphonie acid was a l lo w e d  to  a e t  on an aqueous s o l u t i o n  o f  peptone  
no co lour appeared, but when made alkaline a y e l lo w  to  dark brown-red  
colour d ev e lop ed . Ammonium hydroxide was found to  g iv e  more c o lo u r  than  
fixed a l k a l i .  The c o lo u r  d isa p p ea r s  on a c i d i f i c a t i o n .  C olours were thu s  
obtained ^Petri, 1 8 8 3 -* 8 4 ]  from serum p r o t e in ,  commercial album in, casein^  
and egg w h ite .  By the use o f  m e t a l l i c  red ucers  a s  sodium amalgam <andn  
zinc dust a lo n g  w ith  f i x e d  a l k a l i ,  fu o h s in -r e d  c o lo u r s  were ob ta in ed  a s  
in the a ldehyde t e s t  o f  P en zo ld t  and F is c h e r .  P e t r i  a l s o  took p r e c a u t io n s  
to exclude carbohydrate from the m a t e r ia ls  t e s t e d .
As the w r i t e r  has shown^pg. th a t  the amino a c id  t y r o s in e  g i v e s
the Penzoldt a ld eh yd e  t e s t  in  p resen ce  o f  m e t a l l i c  reducing  a g e n t s ,
the f in d in g s  o f  P e t r i  w ith  pepton es  and p r o t e in s  may thu s be accounted  
for.
P&uly [ l904] p la c e d  c o n s id e r a b le  emphasis on the  p o s s i b i l i t i e s  o f  
the d ia z o -r e a c t io n  fo r  the d e t e c t io n  o f  h i s t i d i n e  and ty r o s in e  in  
protein. He found a p o s i t i v e  r e a c t io n  in  a l l  p r o t e in s  from which
h is t id in e  or t y r o s in e  had been i s o l a t e d  and a n e g a t iv e  r e a c t io n  i n  o th e r s  
from which th ey  had been proved to  be a b s e n t .  The fo l lo w in g  t a b l e ,  w ith  
s l ig h t  m o d i f i c a t io n ,  i s  g iv e n  by Pauly:
protein H is t id in e  £ T yrosine  % M il le n  Diazo- R eaction
Sturine 1 2 . 9 0 •
Hist one (Thymus) 1 .2 1 6 .31 + +
Edestin £ .1 9 2 .1 3 + ♦
Casein 2 .6 4 .5 + +
Salmin 0 0 - -
Scombrin 0 0 - -
Clupein 0 0 - -
Protamine ? 9 Hardly
r e c o g n i s ib l e
Y ellow  w ith  
r e d d ish  t in g e
Cyolopterin (Seehase) 0 8 .3 Clear
r e a c t io n
Bed orange
Pauly a l s o  t e s t e d  the  m a jo r i ty  o f  the amino a c id s  and found th a t  they  
generally g iv e  s l i g h t ^ y e l lo w  c o lo u r s  by h i s  method.
^he w r ite r  has n o t  had the o p p o r tu n ity  o f  t e s t i n g  any. proteins f r e e  
from ty r o s in e  and h i s t i d i n e  but in  h i s  e x p e r ie n c e  the c o lo u r s  ob ta in ed  
from such su b s ta n c es  a s  c a s e in  and e d e s t i n  can hard ly  be regarded a s  
oharaoter istic  f o r  h i s t i d i n e  or t y r o s in e ,  a lth o u g h  i t  remains probable  
'■that the c o lo u r s ,  such a s  th ey  a r e ,  a r i s e  from the p resen ce  o f  h i s t i d i n e
or ty r o s in e  in  the p r o t e in .
Dr.B lythe A. E a g le s  has r e c e n t ly  c a l l e d  my a t t e n t i o n  to  a p e c u l ia r  
d ia z o -r e a c t io n  g iv e n  by pure z e in ,  which i s  a p p a re n tly  a l l i e d  to  the  
d ia z o -re a c t io n  d e sc r ib ed  fo r  t h i o l im i n a z o l e s ,  and i s  g iv e n  markedly by 
zein presumably through the presen ce  in  t h i s  p r o te in  of a t h io l im in a z o le  
(see pg* . When a s o l u t i o n  o f  z e in  in  50 per cen t, a lc o h o l  i s  t e s t e d  
as for t h io l im in a z o le s  (see  F^u.Wo.^a yellow -brow n co lo u r  i s  f i r s t  g iv e n ,  
followed on th e  a d d i t io n  of sodium hydroxide by a c l e a r  though f a i n t  
purplish-red c o lo u r .
When t e s t e d  a s  fo r  iminazoles|^f^wfcto£pT?^a y e l lo w is h  c o lo u r  w ith  a 
pinkish t in g e  r a p id ly  d e v e lo p s ,  the pink c o lo u r  fad in g  in  about 10 seco n d s .
The w r i te r  has t e s t e d  in  the same manner c a s e i n ,  commercial egg  
albumen, pea g l u b u l in ,  ed est im ,a n d  f i b r i n ,b u t  none o f  th e se  behaves a s  
zein. With the  im in a zo le  method a l l  g iv e  g r a d u a lly  in c r e a s in g  c o lo u r s  
until a y e l lo w ish -o r a n g e  shade i s  r e a c h e d , in d ic a t in g  th a t  h i s t i d i n e  or  
tyrosine dom inates the r e a c t io n  in  th e se  p r o t e in s .  Commercial peptone  
*nd urease were found to  behave s i m i l a r l y .
B.jn te r fe r in g  S u b s ta n c e s .
Substances may in terfereiw ith  d ia zo -rea ctio n s in  two main ways: (a)
they may g iv e  a c o lo u r  in  c o n ta c t  w ith  the d ia z o - r e a g e n t s ,  (b) th ey  
aay or may not g iv e  a co lou r  w ith  the d ia z o -r e a g e n t s  but th ey  i n h i b i t  
or a f f e c t  the c o lo u r  produced by other  su b s ta n c e s .  K o e s s le r  and Hanke
of view ,and found t h a t  u rea , NaCl, KC1, NagSO^.EHgPO^, sodium a c e t a t e ,  
and sodium c i t r a t e , d o  not in t e r f e r e  up to  a c o n c e n tr a t io n  o f  5 per cen t,  
with the e s t im a t io n  o f  h i s t i d i n e .  G ly c e r o l ,  g lu c o s e ,  e th y l  a l c o h o l ,  
methyl a l c o h o l ,  and amyl a lc o h o l  in  high c o n c e n tr a t io n  in  h i s t i d i n e  
so lu tion s , le a d  to  y e l lo w  c o lo u r s  and in h ib i t  c o lo u r  p ro d u ctio n  to  
varying d e g r e e s .  Ammonium s a l t s  and keto  b o d ie s  were found to  show the  
most marked in t e r f e r e n c e .  The w riter^ jH u n ter  19EEJ (see Paper ;
in r e la t io n  to  the  e s t im a t io n  o f  ca rn o sin e  in  m u sc le ,  found th a t  such  
substances a s  m e t a l l i c  s u lp h id e s ,  hydrogen p e ro x id e ,a n d  formaldehyde, 
are very a c t i v e  i n t e r f e r i n g  su b s ta n c e s .
^he f a c t  th a t  su lp h id e s  g iv e  a y e l lo w  c o lo u r  w ith  diazo-compounds 
®ay be accounted  fo r  by the r e a c t io n :
have examined a number o f  common su b sta n c es  from t h i s  p o in t
°6 H4 + G
s o s K
+ 2
SO3
Meroaptans a c t  s i m i la r l y  forming an u n s ta b le  in term ed ia te  compound:
^  HES,CEH5 -- S,C2H5
C6*4 —  ^ — * C6H4
S03 SOs H SOgH.
It may a l s o  be n o te d  th a t  co n c en tr a ted  ammonia a c t s  acco rd in g  to  the
following eq u a tio n ;
2CgHgNgCl + 2NHg CgHgNg.NH.Ng.C^Hg ♦ EHH Cl.
which substance r e a d i ly  decomposed to  a m ixture o f  p h en o l,  a n i l i n e 7
and n itr o g e n  £see Cain 1920 p.66j, where the  a c t i o n  o f  o th er  su b sta n ces
on diazo-compounds i s  considered*
More im portant perhaps than the r e a g e n ts  c o n s id er ed  above, are the
substances in  b i o l o g i o a l  m a te r ia l  which i n t e r f e r e  w ith  the p a r t i c u la r
type o f  d ia z o - r e a c t io n  in  which we may be i n t e r e s t e d .  The d i f f e r e n t i a t i o n
of the typ es  o f  d ia z o —r e a c t io n  here a ttem p ted  by the w r i t e r  may be o f
some help in  the a p p l i c a t io n  o f  d ia z o - r e a o t io n s  to  g e n e r a l  b i o l o g i c a l
u'dL te fs v t)
a a ter ia l ,  though d i f f e r e n t  m a te r ia l  r e q u ir e s  s p e c i a l  study f rea  th e p o int
ib
of**4ew 9f  su b s ta n c es  r e a c t in g  w ith  diazo-com pounds and su b sta n ces  
in terfering  w ith  such r e a c t i o n s .  Urine p r o v id e s  perhaps a good example 
and for t h i s  reaso n  w i l l  have s p e c ia l  c o n s id e r a t io n  in  Part I I I .  H ere,
however, we may ask  why b i l i r u b i n  even when p r e se n t  in  r e l a t i v e l y  h igh  
concentration  in  u r in e ,  i s  not d e t e c t a b le  by the d ia z o - r e a g e n t s .  We can  
only assume th a t  the f a i l u r e  o f  the r e a c t io n  i s  due to  i n t e r f e r i n g  
substances, fo r  a s  shown (pg.7^) b i l i r u b i n  can be s a t i s f a c t o r i l y  t e s t e d  
for in  u r in e  which has been s u i ta b ly  f r a c t io n a t e d .  Such an in t e r f e r e n c e  
doe8 not occur i n  b lood  serum. I t  appears to  the w r i t e r ,  however, th a t  
the hyp ob iliru b in aem ia  found in  uraemia on the ev id en ce  o f  the d ia z o -  
reaction , might be p r o f i t a b l y  re-exam ined  on the assum ption  th a t  uraemic 
serum l i k e  u r in e  c o n ta in s  su b s ta n c es  i n h ib i t i n g  co lou r  p r o d u ct io n .
In the same way a normal u r in e  r a r e ly  shows a c h a r a c t e r i s t i c  Pauly
or K oessler  and Hanke t e s t  fo r  im in a z o le s ?but a f t e r  s u i t a b le  f r a c t i o n a t i o n
I n No. S )
a perfect  im in a zo le  type o f  d ia z o - r e a c t io n  i s  ob ta in ed  |See  ^aper -in e o a t ed 
• In t h i s  c a se  p r o t e i n - f r e e  b lood  e x t r a c t s  behave a s  u r in e ,  fo r  
after treatm ent w ith  b a s ic  le a d  a c e t a t e ,  b lood  a l s o  shows a c h a r a c t e r i s t i c  
iminazole t e s t .  I t  appears to  the w r i t e r  th a t  reduced g lu t a t h io n e  and 
argothioneine are  a c t i v e  in t e r f e r i n g  su b sta n c es  in  b lo o d , and sm all amounts 
disu lph id e  compounds i n  u r in e  probably p la y  a g r e a t  p ar t  in  the  
interference w ith  the  t e s t s  fo r  b i l i r u b i n  and fo r  im in a z o le s .
I t  would appear to  the  w r i t e r  th a t  th e  p r in c ip le  o f  Clemens j^l899J
\ ioX
that the substance i t t  u r in e  or o th er  medium having the g r e a t e s t  a f f i n i t y  
for the diazo^compound c o u p le s  p r e f e r e n t i a l l y ,  has very  l i t t l e  a p p l i c a t io n  
in p r a c t ic e ;  f o r ,  when an e x c e s s  o f  diazo-compound i s  u sed , a s  i s  n e c e s s a r i l  
so in  the d ia z o ^ r e a c t io n s  w ith  which we are  conoerned , a l l  su b s ta n c es  r e a c t  
which are capab le  o f  r e a c t in g  under the  c o n d i t io n s ,  and mixed c o lo u r s ,  
which cannot be in t e r p r e t e d ,  are o b ta in ed . In the use o f  d iazo —r e a c t io n s  
the m ater ia l must be f r a c t io n a t e d  in  such a way th a t  the r e a c t io n  i s  
obtained in  a t y p ic a l  manner. Of course  a t y p i c a l  E h r l ic h  r e a c t io n  i s  
obtainable in  c e r ta in  u r in e s  from typhoid  and o ther  f e v e r s  because  the  
amount o f  urochromogen p r e se n t  i s  in  r e l a t i v e l y  h igh  c o n c e n tr a t io n ,  but 
in normal u r in e ,  where the  c o n c e n tr a t io n  o f  urochromogen i s  low the  
interfering su b s ta n c e s  e x e r t  a r e l a t i v e l y  g r e a t  e f f e c t  and no t e s t  i s  
obtained.
C* The D ia zo -R ea c tio n  a s  a T est  fo r  N i t r i t e .
D ia z o t i s a t io n  o f  a s u i t a b l e  arom atic  amine such a s  s u lp h a n i l i e  a c id  
ooours a t  a lm ost i n f i n i t e  d i l u t i o n  o f  n i t r o u s  a c id ,  and co u p lin g  w ith  
Another s u i t a b le  arom atic  amine or phenol a t  l i k e  d i l u t i o n  o f  d ia zo~
®ompound; so th a t  e x c e e d in g ly  s e n s i t i v e  t e s t s  fo r  n i t r i t e  are rendered  
^®88ible. The t e s t s  are  a l s o  s p e c i f i c  fo r  n i t r i t e .
There i s  o f  c o u r se ,  a very  wide c h o ic e  o f  d i a z o t i s a h l e  and cou p lin g  
c o n s t i tu e n ts  fo r  the t e s t .  One su bstance  may be used fo r  both purposes  
as m-diaminebonDeno iG r ie ss ,  1878J . G r ie s s  l i e 79j however^ l a t e r  proposed  
a combination o f  s u lp h a n i l i c  a c id  and oL-naphthylamine. I lo s v a y  y.889j 
used a s  a rea g en t  0 .5  gm. o f  drnaphthylamine in  the same s o l v e n t .  To 
remove a b lu is h  f lu o r e s c e n c e  he b o i le d  0 .1  gm. o f  the naphthylamine  
with 20 c c .  o f  w a te r ,  f i l t e r e d ,a n d  made to  150 c o .  w ith  d i l .  a c e t i c  
acid. To 20 c o .  o f  the  s o lu t io n  to  be t e s t e d  I lo s v a y  added 2 -3  c c .  o f  
the s u lp h a n i l i c  a c id  s o l u t i o n ,  ( in  the p resen ce  o f  very  sm all amounts 
of n i t r i t e ,  heated  to  70 -  80°) and added some o f  the naphthylamine  
so lu tio n . The n i t r o u s  a c id  o f  c o u r se ,  must n o t  be p r e se n t  in  such la r g e  
amount as  to  d i a z o t i s e  a l l  o f  both  c o n s t i t u e n t s  added.
Lunge j l 88 9^  used  the  s u lp h a n i l i c  a c id  and naphthylamine in  one 
so lu tion  kept f r e e  from a i r  co n ta m in a tio n . S u lp h a n i l ic  a c id  i s  so much 
more r e a d i ly  d l a z o t i s e d  than  naphthylamine th a t  the  same dye i s  formed 
as in I lo s v a y * 8 proced ure . I lo s v a y  and Lunge found th e  r e a c t io n  to  be 
sen s it iv e  to  1 in  1000 m i l l i o n  p a r t s  o f  n i t r o u s  a c id .
The t e s t  d e sc r ib e d  i s  perhaps a s  s a t i s f a c t o r y  a s  any o ther  but the  
\  methods o f  M eldola [l884j and o f  R ie g le r  jl897 | may a l s o  be r e fe r r e d  t o .
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Part I I I  
D ia z o -R ea c t lo n s  o| U r in e .
B h rlich  added to  a t e s t - t u b e  th ir d  f i l l e d  w ith  ur ine  an equal
volume o f  d ia z o -re a g en t*  Any c o lo u r  d eve lop ed  in  the a c id  medium he
called  a primary c o lo u r .  He then  made a lk a l in e  w ith  e x c e s s  o f  ammonium
hydroxide, and any c o lo u r  developed  in  the a lk a l in e  medium he c a l l e d  a
secondary c o lo u r .  In p a t h o lo g ic a l  u r in e s  he r e c o g n ise d  two d i s t i n c t
kinds of d ia z o - r e a c t io n  in  a c id  s o lu t io n  and in  a lk a l in e  s o l u t i o n .  These
may for conven ien ce  be ta b u la te d  a s  fo l lo w s :
Primary R e a c t io n s * 1* Primary darken in g—» b i l i r u b i n
2 . Primary y o lk  c o lo u r — ^ u ro b ilin o g en
Secondary R e a c t io n s ^1. Secondary y o lk  c o lo u r — ^aromatic hydroxy a c id s .
2 .  Red r e a c t i o n — ^obtained by a su bstance  in  the
u r in e  in  typh o id  f e v e r ,  m i l ia r y  
tu b e r c u lo s i s ,a n d  o th er  f e b r i l e  
c o n d i t io n s .
He fu r th e r  r e c o g n is e d ,  t h a t  by the use o f  potassium  hydroxide a s  
al k a l i ,  g lu c o se  g i v e s  a c o lo u r  on lo n g  s ta n d in g ,  and a l s o  th a t  w ith  a 
concentrated s o l u t i o n  o f  d iazo—compound, such a s  th a t  employed by 
Penzoldt w ith  ammonia a s  a l k a l i ,  e t h y la c e t o a c e t a t e  g i v e s  a red c o lo u r
which i s  changed to  a r e d - v i o l e t  by the a d d i t io n  o f  a la r g e  e x c e s s  o f  
hydrochloric a c id .
The primary d ia z o - r e a c t io n s  o f  urine w ith  b i l i r u b i n  and w ith  
u rob ilinogen  have a lr e a d y  been d is c u s s e d  on pp. I75c* £ U ,r e s p e c t i v e l y .
The secondary e ig e lb  or y o lk  co lo u r  E h r l ic h  found to  be ob ta in ed  
a fter  i n g e s t io n  o f  la r g e  d o ses  o f  ta n n in , g a l l i c  a c id ,a n d  s im i la r  
substances, and depends on the p resen ce  o f  arom atic  hydroxy compounds, 
(shortly  d i s c u s s e d  p.joC^ .
The secondary  red c o lo u r  or tru e  h ihrlich  d iazo  r e a c t i o n  has been  
discussed (p. .
I t  i s  perhaps c l e a r  from what has gone b e fo re  th a t  the manner o f  
performing the t e s t  and the  r ea g en t  used i s  o f  much im portance, S ince  
Sngeland ( l908 j  i s o l a t e d  h i s t i d i n e  from human u r in e  i t  has been g e n e r a l ly  
believed th a t  im in a z o le s  p la y  a la r g e  part in  the  s o - c a l l e d  d ia z o -r e a c t ie m  
of u r in e .  The s u b je c t  o f  im in a zo le s  has a lr e a d y  been d is c u s s e d  but i t  
nay here be m entioned th a t  h i s t i d i n e ,  fo r  exam ple, does not g iv e  a red  
colour in  presen ce  o f  sodium carbonate or ammonia w ith  E h r l ic h 1s d iazo-  
reagont, but m erely  a y e l lo w  or y e l lo w -o r a n g e .  I t  appears th a t  the  
colour p rod u ctio n  i s  in t e r f e r e d  w ith  by the e x c e s s  o f  s u lp h a n i l i c  a c id
in B h r l ic h ' s  rea g en t  . Using the Pauly method or the K o e s s le r  and 
Hanke reagen t c h a r a c t e r i s t i c  im in azo le  t e s t s  are sometimes ob ta in ed  
in urine  and may be confused  w ith  the p o s i t i v e  E h r l ic h  r e a c t io n .
192£j . The f o l lo w in g  excerp t  from t h i s  pape ^ r e p r e s e n t s
an e a r ly  a ttem p t to  f r a c t io n a t e  su b sta n ces  g iv in g  the d ia z o - r e a c t io n  
in  a u r in e  w ith  a very  marked im in azo le  t e s t :
"Five hundred c .cm . o f  a mixed sample o f  m ea s les  u r in e  were 
q u a n t i ta t iv e ly  f r a c t io n a t e d  by le a d  a c e t a t e ,  l e a d  a c e t a t e  and b a ry ta ,  
and by m ercuric a c e t a t e .  A p o r t io n  o f  the l a s t  f r a c t io n  was fu r th e r  
p r e c ip i ta te d  w ith  s i l v e r  n i t r a t e ,  fo l lo w e d  by s i l v e r  n i t r a t e  and b a ry ta .  
The co lou r  v a lu e  developed by the K o e ss le r  and Hanke d ia z o -r e a g e n t  was 
measured in  th e  v a r io u s  f r a c t i o n s .  The c o lo u r  standard employed by 
these workers fo r  h i s t i d i n e  was here used  a s  a stan d ard . An orange  
l i g h t - f i l t e r  p la c e d  over the e y e p ie c e  o f  the Duboscq c o lo r im e te r  was 
c o n s i s t e n t ly  used throughout the measurements in  order to  o b ta in  a 
match w ith  the  y e l lo w  c o lo u r  deve lop ed  in  c e r t a i n  f r a c t i o n s .  The t o t a l  
colour v a lu e  o f  the o r ig in a l  500 c .cm . o f  u r in e  was found to be 
86.500 mm.
"The le a d  a c e t a t e  f r a c t i o n  had a t o t a l  c o lo u r  va lu e  o f  770 mm., the
lead a c e ta te  b aryta  f r a c t io n  a t o t a l  c o lo u r  v a lu e  o f  4 ,4 0 0  mm., the mercuric  
aeetate f r a c t io n  a t o t a l  co lo u r  v a lu e  o f  8 7 ,5 0 0  mm., and the f i n a l  f i l t r a t e  
a to ta l  c o lo u r  v a lu e  o f  1 0 ,0 0 0  mm. The su m -to ta l  c o lo u r  v a lu e s  o f  the 
rarious f r a c t i o n s  i s  g r e a t e r  than the o r ig i n a l  fo r  the reason  th a t  th ere  
are c e r ta in  su b stan ces  in  the o r ig i n a l  u r in e  which i n h i b i t  c o lo u r  p rod u ctio n .  
The portion  o f  the mercury f r a c t i o n  taken fo r  the s i l v e r  b aryta  s e p a r a t io n  
had an o r ig in a l  t o t a l  co lo u r  v a lu e  o f  1 2 ,6 0 0  mm. In the s i l v e r  baryta  
fraction th ere  were recovered  1 2 ,5 0 0  mm., or a lm ost 100 per c e n t .  The s i l v e r  
fraction and the f i n a l  f i l t r a t e  gave no c o lo u r .
"From 1 l i t r e  o f  u r in e  the s i l v e r  b a ry ta  f r a c t io n  was ob ta in ed  a s  above. 
Creatinine was se p a r a ted  by p r e c i p i t a t i o n  w ith  p i c r i c  a c id ,  the  f i l t r a t e  
re-treated w ith  s i l v e r  b a r y ta ,  and the  l a t t e r  f r a c t io n  f i n a l l y  p r e c i p i t a t e d
t
with mercuric c h l o r i d e .  #rom t h i s  w e ll-w a sh ed  p r e c i p i t a t e  th e r e  was ob ta in ed  
about 0 .1  gram o f  pure h i s t i d i n e  m onohydrochloride. (The amount a c t u a l ly  
present per l i t r e  was e s t im a te d  a t  0 .3 1  gram). I t  had th e  fo l lo w in g  
properties: m e l t in g - p o in t ,  253 to  254; m e l t in g - p o in t ,  w ith  d eco m p osit ion ,
the p ic r o lo n a t e ,  231 to  233. The m icr o sc o p ic  appearance o f  both th e se
U/uli. OaJ I uJLU (ArilL Wx*- ^  (u ^ W -c
*alts o f ^ h is t id in e  o b ta in ed  from a d i f f e r e n t  o r ig i n .  There was found 1 6 .9  
’er c®at ( c a lc u la t e d  17 per cen t.):  C l.  The m o lecu la r  c o lo u r  v a lu e  was 114#6
I (9 %
m ill io n  mm. I t  was p o s i t i v e  to Knoop's t e s t .
"The su b stan ce  m ain ly  r e sp o n s ib le  fo r  the c o lo u r  not accounted  fo r  
by h i s t i d in e  was n o t  i s o l a t e d ,  but p a r t ly  p u r i f i e d  and r e l a t i v e l y  con­
centrated s o l u t i o n s  gave r e a c t io n s  in d ic a t in g  a p h en o lic  c o n s t i t u t i o n ."
A fu r th e r  a ttem p t to  compare the amount o f  c o lo u r  g iv e n  by n a t iv e  
urines a s  c o n tr a s te d  w ith  the  amount o f  co lou r  o b ta in a b le  from the im inaaole  
fra c t io n  o f  the same u r in e s  i s  co n ta in ed  in  the  fo l lo w in g  e x c e r p t  ig u n ter ,
No, 5
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1. Alkaline Diazo Reaction, Type A.
Some kind of Type A reaction is obtained in all urines. As a rule the more 
red the colour obtained, the more iminazole is present. Yet it must be empha­
sised that this method of qualitative examination is a very poor index of the 
actual amount of iminazole in urine. This is so because of interfering sub­
stances in untreated urine. It has previously been shown [Hunter, 1922, 1] 
that certain purines interfere with colour production, but the presence of uric 
acid in urine is alone insufficient to account for the great inhibition of colour 
development which generally prevails. This is clearly seen by a consideration 
of the 5 urines in Table I. The amount of iminazole present in each was deter­
mined by the recent method of Koessler and Hanke [1924], the amounts 
taken to obtain the readings given below representing 0-05 cc. of original 
urine. Alongside these are given the approximate readings obtained from 
0-05 cc. of untreated urine. The test cylinder in each case is set at 20 mm. 
and the cylinder containing the histidine colour standard [Koessler and Hanke, 
1919] moved to match.
Table I.
Standard cylinder,-------------------
Untreated urineUrine No. Prepared urine Test cylinder
mm. mm. mm.
1 4-5 14-5 20
2 6-5 29-5 ;
3 6-5 27-5 „ i
4 2 0 4-9
5 10 1-7 „
It will thus be seen that although urines Nos. 2 and 3 show higher readings f
than Nos. 1, 4 and 5 by both methods, the readings in Nos. 2 and 3 for the i
untreated urine represent only about 4 of the colour obtainable from the J
.i m i ji a ml es_actual 1. v present in the urines._______   i
The c l a s s i f i c a t i o n  of  E h r l i c h  o f  th e  d i f f e r e n t  k i n d s  o f  d i a z o -  
r e a c t i o n  o b t a i n a b l e  i n  p a t h o l o g i c a l  u r i n e  by h i s  method,  u s e f u l  a s  i t  i s  
as a g u i d e ,  p r o v i d e s  l i t t l e  i n d i c a t i o n  o f  t h e  numerous s u b s t a n c e s  p r e s e n t  
even in  norm al  u r i n e ,  c a p a b l e  o f  c o u p l i n g  w i t h  d iaz o -co m p o u n d s .  Thus i n  
f resh  u r i n e  we have a t  l e a s t  u r o b i l i n o g e n  and in d o x y l  which  r e a c t  i n  a c i d  
so lu t io n  w i t h  d iazo -co m p o u n d s .  There a r e  p r o b a b l y  o t h e r  compounds r e l a t e d  
to i n d o le .  So t h a t  e v en  i n  a c i d  s o l u t i o n  th e  d i a z o - r e a c t i o n  o f  normal  
urine i s  n o t  a  s im p le  one .  And i n  a l k a l i n e  s o l u t i o n  we have t o  c o n s i d e r  
phenols, i m i n a z o l e s ,  p u r i n e s ,  k e t o - e n o l i c  s u b s t a n c e s , a n d  u rochrom ogen ,  
without th e  c e r t a i n t y  t h a t  no rm a l  u r i n e  does  n o t  a l s o  c o n t a i n  s m a l l
with which we have  d e a l t ,  and  th e  f u t i l i t y  o f  d raw ing  c o n c l u s i o n s  from 
the b e h a v io u r  o f  u n t r e a t e d  u r i n e  w i t h  d iazo -com p ou n ds ,  e x c e p t  i n  r a r e  
pa tho log ica l  c o n d i t i o n s  where  one c o n s t i t u e n t  i s  i n  g r e a t  e x c e s s ,  becomes 
apparent.
At p r e s e n t ,  however ,  d i a z o —r e a g e n t s  p r o v i d e  a  r e a d y  means f o r  the
amounts.of d i a z o - r e a c t i o n s  i n  u r i n e  c o v e r s  p r a c t i c a l l y  th e  whole  s u b j e c t
to tect ion o f  in d o x y l b i l i r u b i n . a n d  urochrom ogen
also fo r  th e  e s t i m a t i o n  o f  i m i n a z o l e s  I*-' o
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With a view to the study of the physiological significance of carnosine, it 
was first necessary to devise a method of estimation applicable to small 
quantities of material, which, at the same time, would give more accurate 
results than have hitherto been obtained with this substance [vide von Furth 
and Hryntschak, 1914]. A general ihethod of estimation of iminazole deriva­
tives by a modification of the diazo reaction described by Koessler and Hanke 
[1919]—but not applied by those workers to carnosine—has here been tried 
as a likely means of affording a reliable indication of the carnosine content of 
muscle1. Before the method could be satisfactorily tested, it was first neces­
sary to prepare pure carnosine and for comparative purposes also histidine.
Histidine monohydrochloride was prepared from ox-blood by the method 
of Frankel [1907]. m .p t .  253°, with softening and loss of water at 175-180°.
Kjeldahl. Nitrogen. Found 19-79 %. Calculated 20-05 %.
Preparation of Carnosine. This was obtained from Lemco. The most suc­
cessful method found for the preparation was that adopted by Baumann and 
Ingwaldsen [1918] with the use of mercury acetate followed by the usual 
silver-baryta precipitation. A very readily crystallisable product is obtained 
if, after the addition of excess silver nitrate solution and before filtration of 
the purine fraction, barium hydroxide solution is added to more than neu­
tralise the nitric acid set free by the use of the silver nitrate reagent. Other­
wise, part of the purine group remains dissolved and escapes precipitation. 
This incomplete separation of the purine fraction from the carnosine fraction 
probably accounts for much of the difficulty workers have experienced in the 
isolation of pure carnosine [vide Gulewitsch, 1913; Smorodinez, 1913]. On 
first attempting the preparation this difficulty was met with. On precipitating 
the carnosine fraction, which refused to crystallise from alcohol, with the 
above precaution the product was readily purified. The purine part which
1 Clifford [1921], since the cofnmencement of this research, has applied a modified Koessler 
and Hanke procedure to the estimation of carnosine. As to both treatment of material and 
results found, the writer is so much at variance with the above worker that a publication at the 
present stage of this research has been deemed desirable.
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separated here was treated with hydrogen sulphide, concentrated, and a syrup 
separated on treatment with alcohol. This appears at least presumptive 
evidence for the validity of the foregoing suggestion of the cause of the diffi­
culty. The substance was first isolated as carnosine nitrate. This agreed in 
properties with those described by Gulewitsch and others [vide Gulewitsch 
and Amirad2ibi, 1900; Gulewitsch, 1913]. m .p t . 220°.
The free base was prepared from part of the above product by reprecipita­
tion with silver nitrate and barium hydroxide, and concentrated without 
neutralisation. The carnosine thus obtained was similar to that of Gulewitsch; 
m .p t . 260° with decomposition.
Part of the carnosine was used to prepare the copper-salt according to the 
directions of Mauthner [vide von Furth and Hryntschak, 1914]. Deep-blue 
hexagonal crystals about 1 mm. in greatest length were obtained.
Solutions of 0-1 % carnosine were made from the free base and from the 
carnosine nitrate after these had been dried in desiccator to constant weight. 
Equal quantities of these tested colorimetrically agreed almost perfectly.
It was further intended to make a standard solution from the copper salt 
but the difficulty of getting this to constant weight, along with the rapidity 
with which it took up moisture when dry, led to the acceptance of the value 
as confirmed by the free base and its nitrate.
T h e  Co l o r im e t r ic  M e t h o d .
Working mainly from certain theoretical considerations of the properties 
of diazonium compounds and their mode of coupling, Koessler and Hanke 
have, undoubtedly, greatly enhanced the value of the diazo reaction as a 
method of estimating iminazole derivatives. The use of a relatively stable 
colour-standard is only a small part of the improvement they have effected 
on the previously somewhat haphazard way of performing the diazo test.
As a quantitative method for the estimation of histidine the diazo reaction 
had been used by Weisz and Ssobolew [1914] and their method was adopted 
for the estimation of carnosine in mammalian muscle by von Furth and 
Hryntschak. The much more consistent results obtainable by the Koessler 
and Hanke procedure testify to its superiority over any previous method.
The method has been adopted here almost in toto for the estimation of 
carnosine and found to give very satisfactory results in pure solutions of that 
substance. Different proportions of methyl-orange and Congo red had of course 
to be employed to get a match for the carnosine solutions. A very suitable 
match for pure carnosine solutions was obtained with 0-10 cc. methyl-orange 
and 0*25 cc. Congo red per 100 cc. water. These amounts were taken from 
0*1 % stock methyl-orange and from O’5 % stock Congo red.
Molecular colour values. To test the purity of the above-mentioned histidine 
compound and at the same time to verify the accuracy of the method, the 
molecular colour value of histidine was determined according to the (CR-MO)
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colour-standard employed by Koessler and Hanke. This was found to be 
approximately 117,000,000 mm. as compared with 114,000,000 mm. found by 
those workers. The slight discrepancy between these results can be accounted 
for by experimental error, along with the possibility that there might be slight 
differences in the quality of the methyl-orange and Congo red employed.
The molecular colour value of carnosine was found to be 152,000,000 mm. 
against the same indicator.
Question as to the linearity of colour production. Clifford [1921] questions 
the direct proportionality between colour-production and the amount of 
iminazole in solution. The linear relationship, as set forth in the ideal tables 
of Koessler and Hanke, was tested for both histidine and carnosine by the 
writer and accepted within the limits of experimental error before the publica­
tion of the paper above referred to. It was very carefully retested on Clifford’s 
figures coming to his notice, but the conclusion reached was merely a re­
confirmation of Koessler and Hanke’s results. Histidine was tested only 
within the limits of 0-01 mg. and 0-05 mg. histidine monohydrochloride in the 
test cylinder, whilst carnosine was tested between 0*005 mg. and 0*2 mg. The 
following table shows the results for carnosine, using a difference of 0*005 mg. 
carnosine between each reading up to 0*05 mg.
Carnosine in test cylinder mg.
0005 0 010 0 015 0 020 0 025 0 030 0 035 0 040 0 045 0 050 0-1 0-2
Reading of standard cylinder mm.
3-2 5-7 8-9 11*8 14-8 17-5 20-8 23-8 26-9 300 59-7 120
Calculated reading of standard cylinder mm.
3 6 9 12 15 18 21 24 27 30 60 120
When 0*1 mg. and 0*2 mg. carnosine were present in the test cylinder, the
plunger was set at 10 mm. and 5 mm. respectively, and the reading of the 
standard cylinder multiplied by 2 or 4 gave the value equivalent to the test 
cylinder set at 20 mm.
The results for histidine within the limits tested were similar in their 
linearity.
Clifford finds colour values greater than those given by calculation on the 
linearity basis, in the more concentrated iminazole solutions. Exactly the 
opposite results were found by the writer, when the usual concentration of 
diazonium sulphonate reagent was used for widely differing concentrations of 
carnosine. Experiments here showed that the time required for maximum 
colour development increased with the amount of carnosine present so long as 
that maximum was the theoretical value. This was especially marked when 
more than 0*045 mg. carnosine was used. To give a few practical examples, it 
may be noted that with 0*045 mg. the theoretical value was reached only after 
standing for 12 to 14 minutes; with 0*05 mg. it was almost reached after 
20 minutes; with 0*1 mg. and 0*2 mg. the highest readings were obtained only 
after 15 and 10 minutes respectively, but both of these were short of the
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theoretical. With 0*1 mg. this shortage was 7 mm., i.e. approximately 12 %. 
With 0-2 mg. the reading was 24 mm. low, i.e. 20 %. If, however, a more 
concentrated diazonium reagent is used, the time necessary for maximum 
colour development is decreased, and the actual maximum is then approxi­
mately theoretical as shown in the foregoing table.
These results are quite in accordance with the mass action law. In presence 
of a relatively large amount of carnosine the diazonium sulphonate is in great 
measure used up, with the result that the speed of coupling under these con­
ditions becomes low, and at a certain point practically nil. All the diazonium 
compound is not, however, used up with 0-1 mg. carnosine as the behaviour 
with 0-2 mg. shows. Here, the presence of a higher concentration of carnosine 
accounts for a greater amount of coupling, yet a similar equilibrium becomes 
established before complete coupling of the carnosine has taken place.
These facts merely indicate that a definite excess of diazonium sulphonate 
is necessary to complete the chemical reaction in one direction. They do not 
at all affect the validity of the linear relationship.
It is difficult to account for the deviation found by Clifford.
The best results were obtained when the test cylinder contained 
0-02 mg.-O04 mg. carnosine. The maximum is reached in 8-12 minutes after 
mixing, and is stable at those concentrations for approximately another 
8 minutes.
No appreciable colour was developed by the interaction of the sodium 
carbonate used (Merck’s) with the diazo reagent alone, even after 20 minutes.
Ce r t a i n  C o n s id e r a t i o n s  p r e l i m i n a r y  to  t h e  E s t im a t io n  
o r  Ca r n o s i n e  i n  M u s c l e  E x t r a c t .
Filter paper adsorbs carnosine. Koessler and Hanke [1919] show that 
iminazoles are adsorbed by animal charcoal. This fact suggested that the use of 
filter paper might vitiate the results in such a microchemical method as that 
here employed. The adsorptive effect of filter paper was shown in the following 
way.
20 cc. of a cold solution of carnosine with a colour value of 13-9 mm. 
per cc. were run from a pipette through a 15 cm. diam. dry filter paper into 
a dry measuring cylinder. 1 cc. of this filtrate was then tested and found to 
have a colour value of only 11*5 mm. This process was thrice repeated, through 
three papers, and 1 cc. of the filtrate gave successively colour values of 
10-0 mm., 8*5 mm., and 7-7 mm. That is, the total loss in colour value was 
6*2 mm. per cc., or approximately 44 %.
In order to determine to what extent this loss was recoverable by washing, 
10 cc. solution of carnosine with colour value of 18-0 mm. per cc. were added 
to four dry filter papers as above but folded into one funnel. The results are 
expressed in the following table:
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Volume of
Colour value 
of filtrate Total colour
Added to filter filtrate per cc. value of filtrate
cc. mm. mm.
10 cc. carnosine solution 3-2 8-5 27-2
10 cc. water 9-2 5-5 50-6
20 cc. „ 19-8 2-5 49-5
40 cc. „ evaporated to 1-0 27 0
27-0
The loss as shown in the first filtrate is 9-5 mm. per cc., i.e. approximately 
53 %. The sum total of colour values of filtrates is 154-3 mm. The total colour 
value of the original solution is 180 mm. so that, after washing with water to 
the extent of seven times the volume of the original carnosine solution, there 
yet remains 14 % of the original carnosine held by the filter paper.
For these reasons, glass wool, which shows no adsorptive properties, has 
been adopted for filtration purposes.
The effect of heat on the colour value of pure carnosine solutions. Several 
clean, dry duroglass test-tubes were constricted to a neck of about 3 mm. 
diameter about 3 cm. from the bottom. A horizontal mark was made with a 
file at the constriction. (The object of constricting the tubes was to obtain 
more accurate measurement.) The tubes were filled to the mark with solutions 
of carnosine of known colour value and set on a boiling water-bath for 1 hour. 
They were then removed, cooled, and made up to the mark with water. A 
number of solutions of carnosine with an original colour value of 19-5 mm. 
per cc. showed after this treatment an average loss in colour value of 1 mm. 
per cc. Similarly a number of solutions of carnosine nitrate with an original 
colour value of 18-5 mm. per cc. showed after the same treatment an average 
loss of 0-5 mm. No change of tint in the colour developed was observable in 
these tests.
It is probable from these results that a process of extraction which involves 
prolonged boiling may be harmful to the carnosine.
M e t h o d  o f  E x t r a c t io n  e m p l o y e d .
The most consistent results have been obtained by the following procedure. 
A small quantity of muscle, say 1-5 g., is extracted with about 20 cc. water on 
a bath at 70°. After 30 minutes the solution is filtered through glass wool 
into a small Buchner flask. The meat residue is transferred to a mortar, and 
ground with glass to a fine pulp. This is again extracted with 20 cc. water 
for 15 minutes, poured through the same filter and sucked as dry as possible. The 
top layer of wool and meat residue is re-transferred to beaker, stirred up with 
a further 20 cc. water and heated another 15 minutes. It is then re-filtered 
and washed twice with 10 cc. warm water, sucking as dry as possible between 
washings. After this treatment the final filtrate should give no diazo reaction.
One extraction, found by Clifford [1921] to be sufficient, has never given 
satisfactory results in the writer’s hands. After extracting the finely ground 
tissue once with a large volume of water, followed by copious washing, the
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colour value has shown a loss of 6 to 10 % reckoned as carnosine, as compared 
with that from the same meat extracted as directed above.
The total milky filtrate—representing about 50 cc. per g. of meat used— 
is poured into a suitable beaker. The reaction is made slightly acid with dilute 
acetic acid and the beaker set on the water-bath at 70° for a few minutes. 
Under these conditions the proteins are very effectively precipitated. The 
coagulum settles quickly and is readily caught in the glass wool filter. The 
contents of the filter are washed thrice with a little warm water. The final 
filtrate should be quite clear and entirely negative to all protein tests.
The results are practically unaltered if instead of the above method excess 
of lead acetate followed by excess of disodium phosphate is used to pre­
cipitate the protein. Thus three samples from a piece of lean muscle, extracted 
as above, showed on reckoning the total colour value as carnosine 0-355 %, 
0-369 % and 0-380 %. In the first two samples the proteins were precipitated 
with lead acetate and sodium phosphate; in the last by the acetic acid method. 
The acetic acid method was finally adopted because it is more simple and 
gives a smaller precipitate by which less carnosine is likely to be adsorbed.
Further it would appear that there are no substances in muscle extract as 
prepared above which inhibit the diazo colour production; thus 1 cc. meat 
extract with colour value 22-0 mm. per cc. was mixed with 1 cc. carnosine 
solution 18 mm. per cc., and 1 cc. of the mixture tested. This was found to 
have a colour value of 20 mm. which is the theoretical number.
The total colour value of muscle extract as obtained by the methods out­
lined above, is consistent for the same material to within 3-4 % of the colour 
value reckoned as carnosine in meat. Thus three pieces of ox muscle yielded 
0-388 %, 0-378 % and 0-379 %. Another sample of ox muscle gave 0-614 %, 
0-606 % and 0-620 %. These materials were purchased from a butcher. A cat 
muscle in three portions showed 0-280 %, 0-287 %  and 0-293 %.
As yet, however, the method does not appear to be entirely satisfactory 
for the estimation of carnosine in muscle extract. Carnosine is, undoubtedly, 
responsible for the production of the great bulk of the colour in these muscle 
extracts, but the writer has good reason to believe that certain other sub­
stances contribute to a considerable degree to the yielding of the total diazo 
value. Further investigation is in progress on this point.
My thanks are due to Prof. Cathcart for suggesting this research, and for 
his help throughout it. The expenses were in part defrayed by a grant made 
by the Carnegie Trust to Prof. Cathcart.
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In a recent communication [Hunter, 1921] a colorimetric method for the 
estimation of carnosine in muscle extract was generally outlined. This was 
based on a method of estimation of iminazoles devised by Koessler and Hanke 
[1919, 1]. This method depended on the coupling of carnosine with diazotised 
sulphanilic acid in alkaline solution to form an azo dye. The colour produced 
was measured against a standard solution of a mixture of Congo red and 
methyl-orange. Pure solutions of carnosine were found to react very satis­
factorily, and in different extracts of the same muscles the colour values were 
consistent. The accuracy of the method could not be doubted, but the certainty 
that carnosine was responsible for the total colour production was called in 
question.
The problem—of the extent to which carnosine is responsible for the 
production of the azo colour in muscle extracts—may be attacked in two 
ways: 1. By the elimination of all interfering substances. 2. By a direct 
method of confirming the carnosine content.
I . T h e  E l im in a t io n  o f  I n t e r f e r i n g  S u b s t a n c e s .
Potentially interfering substances. It is well known that aromatic amines 
and phenols readily couple with a diazotised aromatic amine and are thus 
potentially interfering substances with the reagent here employed for the 
estimation of carnosine.
The iminazoles form another well defined group—of which carnosine is 
only one member—giving the diazo reaction.
The purines which contain the iminazole ring are generally described as 
substances giving a positive diazo test—this applies at least to the members 
adenine, hypoxanthine, and xanthine [v. Plimmer, 1918].
There are various other substances diversely referred to throughout bio­
chemical literature as giving the diazo test. Of these may be mentioned 
thymine [Thierfelder, 1908], bilirubin [Neubauer-Huppert, 1913], urochro-
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mogen and urobilinogen (Neubauer-Huppert), besides the “ neutral-sulphur” 
compounds of urine (Neubauer-Huppert).
An exhaustive investigation into the behaviour of all substances—confined 
even to biochemical literature—towards the diazo reagent would probably 
be endless as well as fruitless. Attention will thus be confined only to those 
reagents ordinarily employed in the preparation of muscle aqueous extracts 
and to substances that may be present with a fair degree of probability in 
the extracts.
A. Reagents. Soluble chlorides, sulphates, nitrates, phosphates and 
sodium acetate, have been tested in relatively high concentrations and found 
to have no effect on the diazo reagent.
Ammonia and its salts not only interfere with the production of colour 
from other substances such as histidine [Koessler and Hanke, 1919, 2] but 
when added alone to the diazo reagent give a yellow colour.
Soluble sulphides give a colour in low concentration. The presence of 
sulphur in cystine probably accounts for the similar behaviour of that sub­
stance towards the diazo reagent.
Ethyl alcohol wTas found to give no colour with the reagent though 
Koessler and Hanke find that it inhibits colour production.
Hydrogen peroxide, formaldehyde and acetone all give yellow colours.
Tannic acid in very low concentration gives a marked colour. This is 
accounted for by its phenolic constituents.
All solutions in which carnosine is to be estimated by means of the diazo 
reagent should thus be free from ammonium salts, sulphides, and tannic acid. 
Formaldehyde or phenols, such as thymol, should not be used as preservatives 
in this connection. Muscle tissue may be preserved in alcohol and extracts 
by a layer of toluene.
B. Muscle constituents. Certain normal muscle constituents which may 
possibly act as interfering substances in the extracts require a more detailed 
examination, as these are much less within the control of the worker than 
substances which may be used in the preparation of the extracts.
The presence of bilirubin, urochromogen and urobilinogen in muscle 
extracts is too unlikely to claim further consideration for those substances. 
Thymine may also be dismissed on account of the difficulty with which it is 
liberated by hydrolysis from nucleic acid [v. Jones, 1920].
(1) Phenols and aromatic amines. The presence of these substances in 
protein-free extracts has not been shown by any of the tests used to detect 
them. Extracts from several types of muscle were shaken in acid solution 
with ether. The ether extracts were evaporated to dryness and the slight 
residues taken up in small quantities of water. These gave no diazo reaction 
nor has Millon’s test been found positive either in the extracts themselves or 
in the ether fractions.
It is known that aromatic amines couple with the diazo reagent in acid 
solutions, whereas iminazoles and phenols require a weak alkaline medium before
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a colour is produced. Thus if a little 1. 2. 4-diaminotoluidine is added to the 
reagent without the addition of sodium carbonate, a strong orange colour is 
developed. If an iminazole or phenol is added under the same conditions no 
colour is produced1.
Various extracts have been tested with the acid reagent but all with 
negative results. It may thus be concluded that there are no aromatic amines 
contributing to the azo colour developed in meat extracts2.
(2) Tyrosine. This substance, which is not extractable by ether, has 
received considerable attention from the point of view of the diazo reaction. 
Totani [1915] devised a method to distinguish the azo colour developed by 
histidine from that developed by tyrosine. The colours were first reduced 
with zinc and hydrochloric acid, twice the volume of 25 % ammonia added 
and in both cases a golden yellow colour was obtained. In the case of 
histidine the addition of hydrogen peroxide changed the colour to lemon 
yellow whereas the colour was destroyed in the case of tyrosine. A dilution 
greater than 1 : 20,000 histidine was necessary to get the characteristic final 
colour.
Among the various substances considered by Totani no mention is made 
of iminazoles other than histidine, nor of purines, nor of aromatic amines 
nor of phenols other than tyrosine.
On repetition of Totani’s procedure with histidine alongside carnosine, 
the two substances went through approximately the same colour changes. 
The final colour was not destroyed and so the presence of tyrosine could not 
be detected by this method.
Tyrosine gives a positive Millon’s test; histidine and carnosine are 
negative to Millon’s. Tyrosine gives a faint Millon’s test at a dilution of 
1 : 25,000.
A still more delicate test for tyrosine—on which is also founded a method 
of estimation—has recently been devised by Hanke and Koessler [1922]. 
This depends on a further modification of the diazo reaction and is approxi­
mately as delicate as that reaction is for carnosine. For quantitative purposes 
the procedure is the same as that adopted for iminazoles and phenols. The 
test cylinder is allowed to stand for exactly 5 | minutes after the tyrosine 
solution has been added to the alkaline reagent. This gives rise to a primary 
yellow colour the intensity of which is not directly proportional to the amount 
of tyrosine used.
2 cc. of 3N  sodium hydroxide solution are now added and the contents 
of the cylinder mixed. This gives rise to a colour intensification with a change 
of tint towards the red.
One minute after the addition of the sodium hydroxide 0*10 cc. of a 20 % 
solution of hydroxylamine hydrochloride is added and rapidly mixed. After
1 The aromatic amines also give a colour in alkaline solutions.
2 This test would also eliminate bilirubin which gives a blue colour in acid solution [Ehrlich, 
quoted by Neubauer-Huppert J.
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a latent period of 5 to 10 seconds an intense bluish red colour rapidly develops. 
This colour is stable and is directly proportional to the amount of tyrosine 
present.
Hanke and Koessler note that this intensification is also given by sub­
stances capable of a keto-enol tautomerism such as acetaldehyde, acetone 
and aceto-acetic acid.
It was decided to test this new modification on muscle extracts. It was 
first observed that the addition of sodium hydroxide and hydroxylamine 
hydrochloride in the manner above described to the azo colour developed by 
histidine or carnosine had the effect merely of a proportional dilution. Thus 
a solution of carnosine gave by the ordinary method a reading of 22-5 mm.; 
by the new method a reading of 18*3 mm., i.e. approximately the same as 
would be obtained by adding 2*1 cc. water to the cylinder. The following 
results were obtained on the extracts.
Reading Reading with diazo Calculated reading—
with diazo reagent, NaOH and assuming proportional
reagent NH 2OH . HC1 dilution Intensification
mm. mm. mm. °//o
Ox muscle 27-2 21-4 21-6 None
Cat „ 18-0 16-5 14-3 15-4
Rabbit muscle 10-8 11-3 8-5 330
Otter „ 15-5 18-5 12-3 50-4
Salmon „ 13-7 21-5 10-8 1000
The percentage of intensification of these extracts is in the order of the 
yellowness of their azo colours. Thus ox muscle extracts give a colour which 
matches the carnosine colour standard. The colour developed from cat 
muscle extract is generally slightly more yellow; that from rabbit almost 
matches the histidine colour standard; that from otter is still more yellow 
and that from salmon is so yellow as to be almost unmatchable.
The intensification colours were pink. They did not show the purplish 
tinge given by tyrosine. No Millon’s reaction was obtained in concentrated 
extracts of salmon muscle and it is concluded that tyrosine is not responsible 
for the intensification obtained in that tissue.
The specific cause of this intensification has not been determined.
(3) Purines. These are normally present in muscle extracts so that a 
consideration of the individual members is rendered necessary. Adenine and 
guanine were prepared from commercial plant nucleic acid. This was hydro­
lysed by suspending in methyl alcohol and passing dry hydrochloric acid gas 
according to the method employed by Levene [1921] for animal nucleic acid. 
This process was found to work very satisfactorily. The precipitated chlorides 
of adenine and guanine were filtered off and separated according to methods 
described by Jones [1920].
Hypoxanthine nitrate and xanthine were prepared from parts of the 
adenine and guanine respectively by deaminisation and subsequent purifica­
tion.
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Cytosine and uracil were also prepared from the residues freed from methyl 
alcohol by further hydrolysis in the autoclave at 160° with 25 % sulphuric 
acid for five hours according to Jones [1920].
Neither of these pyrimidines gave a colour with the diazo reagent.
0-05 % solutions were made of adenine sulphate, of guanine chloride, of 
hypoxanthine nitrate and of xanthine—all in 1*1 % sodium carbonate 
solutions.
1 cc. of each of these was tested in the ordinary way. Guanine and xanthine 
gave marked colours. The adenine solution showed only a slight reaction and 
there was no colour in the case of hypoxanthine. With a tenth of the above 
amounts guanine and xanthine were still strongly positive whilst adenine and 
hypoxanthine were entirely negative. The intensities of the colour were approxi­
mately the same in like concentrations of guanine and xanthine. With 
0*025 mg. of guanine hydrochloride in the cylinder a reading of 8*5 mm. was 
obtained with the histidine colour standard. With 0*05 mg. the reading was 
13 mm. Xanthine in the same amounts gave the respective readings 8 mm. 
and 12*5 mm.1 The colour production is not directly proportional to the 
amounts of guanine and xanthine in the cylinder; nor do guanine and 
xanthine, mixed with a known amount of carnosine, give proportional colours. 
Thus 1 cc. of a mixture of 1 cc. 18*6 mm. per cc. carnosine solution with 1 cc. 
13*5 mm. per cc. guanine solution gave a reading of 13*2 mm. with the test 
cylinder set at 20 mm. This is 2*8 mm. short of the calculated reading of 
16 mm. A similar result was found with xanthine. Adenine and hypoxanthine 
do not give a colour or inhibit colour production at this concentration, but 
they tend to make the colour due to carnosine too yellow. Thus with 1 cc. 
of a mixture of carnosine solution of the above concentration with 1 cc. 
0*05 mg. per cc. of adenine sulphate solution, the calculated reading of 9-3 mm. 
was obtained. Hypoxanthine behaves similarly.
Guanine and xanthine are about half as sensitive towards the diazo reagent 
as carnosine. If present in appreciable amounts in muscle extract they must 
seriously affect the estimation of carnosine.
Uric acid in excess gives a slight yellowness to the diazo reagent.
To what extent are purines likely to interfere with the estimation of 
carnosine in muscle extracts? On the assumption that there is present in 
extract of meat free purine nitrogen to the extent of 0*045 % as quoted by 
Lusk [1921] it is unlikely that more than 0*020 % nitrogen represents purines 
that give a colour with the diazo reagent. If the nitrogen be taken as repre­
senting 42 % of the purine molecule—an average figure from adenine, guanine, 
hypoxanthine, xanthine and uric acid—the purines affecting the diazo reagent 
amount to about 0*05 %. In muscles with a carnosine content of less than, 
say 0*1 % the presence of such a proportion of purines would make the 
results worthless.
1 The readings are only approximate as the colours are much more yellow than the 
standard.
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To determine the actual purine interference under the conditions of 
extraction previously recommended, it was then considered necessary to 
carry out some quantitative fractionations1.
A quantity of ox muscle was extracted at 70° with small amounts of water 
until the filtrate no longer gave a positive diazo test. The proteins were 
precipitated with excess of lead acetate and the excess of lead was removed 
with disodium phosphate. The filtrate was neutralised with sodium hydroxide 
and its colour value measured with the carnosine colour standard. This was 
found to be 1050 mm. per cc.
50 cc. of the extract were taken in a small beaker, made just acid with 
nitric acid, and silver nitrate was added till a drop of the solution on a tile 
gave a brown colour with baryta. The test drops were washed back into the 
beaker.
After settling, the contents of the beaker were filtered by suction through 
washed asbestos in a small Hirsch funnel. The precipitate was carefully 
washed with water and after sucking dry was transferred with the asbestos 
to a small beaker, stirred up with a little water and hydrogen sulphide passed 
to precipitate the silver. The contents were again filtered through asbestos 
in the same way and the hydrogen sulphide removed by prolonged aeration 
with the help of a pump. The filtrate was neutralised. This is the purine 
fraction.
To the filtrate from the purine fraction excess of solid finely ground baryta 
was added. The precipitate was allowed to settle, filtered as above, and 
washed with saturated baryta water. The silver was removed with hydrogen 
sulphide and the barium with slight excess of sulphuric acid. The slightly 
acid solution was aerated to remove the hydrogen sulphide and the solu­
tion was then neutralised with sodium hydroxide. This is the carnosine 
fraction.
The filtrate from the carnosine fraction was freed from barium and hydrogen 
sulphide and neutralised as above. This is the final filtrate.
The exact volume of each of the three fractions was noted. The colour 
value per cc. of each of the fractions was then measured and their total colour 
values calculated. The sum total colour value was then obtained and com­
pared with the original, i.e. 50 x 1050 or 52,500 mm.
1 All the carnosine can be extracted from muscle with much smaller proportions of water 
than recommended by the writer in his previous paper on this subject. A filtrate of about 
50 cc. per g. of muscle used was there recommended mainly because the proteins are easily 
precipitated by slight acidification with acetic acid and heat under those conditions. In con­
centrated extracts this simple process is not effective and the use of lead acetate or other pre­
cipitant is necessitated. The number of washings, however, should not be reduced. There is no 
need to reduce the proportion of water to muscle when the extract is to be tested only for colour 
value unless the carnosine content is less than 0-1 % . With that amount in muscle a reading 
of 12 mm. will still be obtained with the 50 cc. per 1 g. proportion. But for precipitation 
purposes and other tests it is desirable to keep the filtrate small rather than have to evaporate 
it to a low volume.
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The distribution of colour value is shown by the total colour values in 
mm. of the three fractions:
Purine fraction ... 1,560
Carnosine fraction ... 47,587
Final filtrate ... ... 2,200
Sum total ... ... 51,347
The unrecovered colour value is thus 1153 mm. or approximately 2 %.
The purine fraction accounts for about 3 % and the final filtrate for about 
4-5 %. The carnosine fraction represents almost 91 % of the original colour 
value.
The relatively small error due to purines by the gentle method of extrac­
tion recommended is further seen in the table to follow.
Three portions were taken from the same muscle and two extracted as 
above. The third was extracted at a temperature just under boiling point.
Aliquot portions of the filtrates from the lead precipitates were taken for 
total nitrogen estimation and for further fractionation into purine and 
carnosine fractions. The final filtrates were rejected without evaluation. The 
total nitrogen was also estimated in the carnosine fractions. In the table 
carnosine, nitrogen and purine (calculated as carnosine) are shown as per­
centages of the original muscle. The colour values of the purine fraction are 
at best only a rough estimate on account of the difficulty in comparing with 
a much redder standard. The error due to the purines in ox muscle is however 
small.
Difference in
Carnosine Total N Carnosine Total N Colour % carnosine
from lead from lead from from value in in lead acetate
Meat acetate acetate carnosine carnosine purine filtrate and in
No. filtrate fraction fraction fraction fraction carnosine fraction
1 0-517 0-530 0-498 0-246 0-004 0-019
2 0-512 0-546 0-495 0-230 0-012 0-017
3 0-533 0-653 0-487 0-258 0-014 0-046
Before considering other substances likely to interfere with the estimation 
it may be noted that the more drastic extraction process of muscle No. 3 
results in a higher percentage colour value. The total nitrogen in this extract 
is also raised. In the carnosine fraction the percentage falls again into line 
with the other two samples. The loss is not accounted for by a higher purine 
value. Though the colour value of the lead acetate filtrate is raised by the 
more rigorous extraction, the actual percentage of carnosine is lowered. The 
lowering of colour value becomes obvious even in the lead acetate filtrate if 
boiling is prolonged. Thus two samples of muscle treated in the usual way 
showed an average of 0*639 % carnosine in the lead acetate filtrate, whilst 
three samples of the same muscle after boiling for about 30 minutes showed 
an average value of only 0-614 % or a fall of 0-025 % reckoned as carnosine.
In muscles 1 and 2 approximately 96 % of the colour is recovered in the 
carnosine fraction. Calculated as carnosine this accounts for about 50 % of
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the nitrogen in the same fraction. There is no reason^to doubt that carnosine 
is responsible for all the colour production in the carnosine fraction from ox 
muscle. In the case of rabbit muscle and notably salmon muscle, fraction­
ation does not appreciably improve the match. Thus two portions of a rabbit 
muscle showed from the lead acetate filtrate colour values of 0-092 % and 
0-099 % reckoned as carnosine. The carnosine fraction from the same muscles 
showed each a value of 0-072 % as carnosine. In the latter case the azo colour 
developed was still very yellow. The colour from salmon muscle extract is 
slightly more red in the carnosine fraction than in the lead acetate filtrate, 
yet it is far from satisfactory.
The precipitation process occupies much time and to obtain reliable 
quantitative results from it, great care must be exercised. With the additional 
possibility that the carnosine fraction may still contain other colour-giving 
substances, it would appear of little use to attempt the elimination of inter­
fering substances by the silver-baryta precipitation except in very special cases.
(4) Iminazoles. Of this group only histidine and carnosine are known 
with certainty to occur in animal tissue. Histamine has been found in the 
intestinal mucosa by Barger and Dale where its presence is attributed to 
bacterial action [Barger, 1914]. Its isolation from the pituitary gland by 
Abel is accounted for by Hanke and Koessler through Abel’s use of a com­
mercial product. Hanke and Koessler [1920, 2] show that it is absent from 
fresh hypophysis cerebri.
In protein-free extract from fresh muscle there is no evidence that histidine 
is present provided the extraction process has been gentle. The ease with 
which carnosine may be hydrolysed (v. later), along with other factors to be 
considered, renders it important that there should be some ready means of 
detecting histidine in the presence of carnosine.
As far as the writer is aware there is no known method of separating these 
substances. They both precipitate in the carnosine fraction in the “ arginine 
separation.” Though histidine is more readily precipitated with ammonium- 
silver than carnosine, yet the latter also precipitates in such relatively dilute 
solutions as 0-5 % carnosine. Nor could any test be found in the literature 
to distinguish the two substances.
Various colour tests for histidine were performed on solutions of carnosine. 
The main differences were found in their behaviour towards the biuret and 
Knoop tests.
The biuret reaction was found to be entirely negative even in about 30 % 
solution of carnosine and after standing at least one hour. This difference in 
behaviour is however of little value for discrimination purposes as relatively 
concentrated solutions of histidine must be used to get a positive biuret. 
Thus 1 % solution of histidine monohydrochloride gives the reaction in the 
cold only after standing for about I f  hours.
The writer has found Knoop’s test to be the most useful way of detecting 
histidine in the presence of carnosine. Carnosine is quite negative to Knoop’s
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test. By a modification of the test as explained in the preceding paper, the 
writer has been able to increase both its delicacy and certainty as a test for 
histidine. The presence of histidine may be detected with certainty at a 
dilution of 1 : 10,000.
Though this reaction has not yet the delicacy that might be desired, its 
very specific nature makes it valuable for work of this kind. Knoop [1908] 
states that the reaction is also positive for histamine. No other substance, 
as far as the writer is aware, gives the reaction.
Certain muscle extracts suspected of histidine, were then tested by the 
modified Knoop’s test. Extracts of rabbit and salmon which give notably 
yellow colours were tested in sufficient concentration but without giving an 
indubitable Knoop’s test. It is thus concluded that histidine is not a factor 
in causing the yellow colour of those extracts.
In various cases of purchased butcher’s meat a positive Knoop’s test has 
been obtained. If the meat is allowed to become just noticeably putrid a 
very marked reaction is given. Histamine may in part be responsible for the 
positive test in such cases.
The test may perhaps be used to most advantage as an indirect test for 
carnosine where the presence of that substance is doubtful in any tissue or 
fluid. If a protein-free extract is at first negative to Knoop’s test, and after 
hydrolysis (v . later) is positive to the test, it appears necessarily to follow 
that the unhydrolysed liquid contains carnosine.
The test can also be applied to elucidate some other problems that had 
arisen in the course of this work. The effect of heat on carnosine solutions 
will first be considered.
The effect of heat on solutions of carnosine.
In the writer’s preliminary communication on the estimation of carnosine, 
a slight fall was noted in the colour values of solutions of carnosine heated 
on the water-bath for one hour. Similar experiments have since been repeated 
but the period of heating has been extended to four hours. Thus a number 
of solutions of carnosine nitrate with an original colour value of 22 mm. per 
cc. showed after four hours on a boiling water-bath an average value of 19-4 mm. 
per cc. or a fall of 2*6 mm. per cc.
10 cc. of a 0*5 % solution of carnosine as nitrate was brought to dryness 
three times in an open basin on a steam-bath. The total period of heating 
was about four hours. It was finally taken up in about 2 cc. of water and 
Knoop’s test applied. A decided brown colour was developed indicating 
that in the process the carnosine had been partly hydrolysed, giving rise to 
histidine. This observation confirms the fall in colour value.
Though four hours is a relatively long period of heating, the fact that carno­
sine is thus destroyed in pure neutral solution indicates that care should be 
exercised in the process of extraction from muscle.
The fall in colour value as estimated in carnosine from 0*639 % to 0*614 %
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on prolonged extraction of the muscle, previously noted (p. 646), may be 
accounted for by the destruction of carnosine. The occurrence of histidine 
in muscle extracts will thus arise more likely from the hydrolysis of carnosine 
than from the hydrolysis of histidine-containing proteins. For if the latter 
process occurred to a marked degree the colour values would tend to rise 
rather than to fall.
It will thus be observed that any process of evaporation at atmospheric 
pressure must result in at least a partial destruction of the substance.
Solutions of carnosine whether pure or in muscle extracts may be evapor­
ated in vacuo to dryness with very little destruction. Thus 10 cc. of a neutral- 
dilute meat extract were evaporated to dryness at 20 mm. pressure of mercury 
from a 200 cc. distilling flask on a water-bath about 60°. Exactly 10 cc. of 
water were then pipetted into the flask and rinsed round to dissolve the dried 
residue. The colour value of the original solution was 25-6 mm. per cc. whilst 
that of the dried substance taken up in 10 cc. of water was 25 mm. per cc. 
(The volume of solid in the original 10 cc. was regarded as negligible.) Repeti­
tion of this experiment still showed a loss in colour value of about 2 %.
This experiment at the same time goes to show that a very small propor­
tion, if any, of the colour-producing substances in muscle extract is volatile. 
It serves to confirm the results obtained by ether extraction and Millon’s test.
(5) Other substances. The effects of cystine, leucine and arginine on the 
diazo reagent have been measured by Hanke and Koessler [1920, 1]. These 
workers find that there is no interference so long as the ratio of- cystine to 
histidine does not exceed 6 : 1 ,  which is higher, they note, than has yet been 
found in any protein. Cystine may thus be dismissed as a probable interfering 
factor in muscle extracts.
The effects of arginine and leucine are less marked than those of cystine.
Creatine in large amounts gives a slight yellowness to the reagent.
Creatinine, urea and lactic acid have been found to have no effect on the 
reagent.
Such a process of elimination as has here been attempted must yield 
mainly negative conclusions. None of the substances most likely to interfere 
with the colour values has any very marked effect. In the case of ox muscle 
it has been shown that most probably less than 5 % of the colour value is 
not due to carnosine. In cat and frog extracts, judging merely from the colour 
development, the non-carnosine colour value is likely to lie within the same 
limit, but of salmon little can be said except that it contains carnosine. Any 
elimination method must necessarily be unsatisfactory unless the substance 
can be obtained pure; and many factors militate against that possibility in 
the case of carnosine. Among those may be noted the high solubility of the 
substance in water, its facility for adsorption, the inadequacy of the methods 
for its fractional precipitation and the ease with which it is hydrolysed. It 
is upon this last property that the writer has sought a more direct method 
for confirming the values.
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II. H y d r o l y s i s  E x p e r i m e n t s .
(1) The stability of histidine. Histidine has been observed by Koessler 
and Hanke [1919, 2] to be remarkably stable towards hot concentrated 
hydrochloric acid. They observed that when 2 cc. of a 1 % solution of 
histidine dihydrochloride were heated on a boiling water-bath for 10 hours 
with 25 cc. concentrated hydrochloric acid the histidine was quite unchanged, 
as shown by the colour values recovered. Over a shorter interval the writer 
has confirmed those findings as shown by the following experiment.
Into each of five numbered test tubes there was introduced 1 cc. of a 
solution of histidine along with 3 cc. concentrated hydrochloric acid. These 
were then set on a boiling water-bath and one removed every 15 minutes. 
As each test tube was removed from the water-bath it was cooled, about 
1 sq. mm. of litmus paper introduced, and the contents neutralised with 
sodium hydroxide. The contents were again cooled and poured into a 25 cc. 
flask. The test tube was repeatedly washed into the measuring flask, then 
water was added up to the mark. 1 cc. of this was taken for measuring the 
colour value against the histidine colour standard. The original value of 
23 mm. was obtained by directly diluting 1 cc. of the original to 25 cc. and 
taking 1 cc. for the test. The colour values after periods of boiling lasting 
15, 30, 45, 60 and 75 minutes were found respectively to be 23-2, 23-1, 23, 
22-9 and 23 mm. High concentrations of sodium chloride affect neither the 
tint nor the intensity of the colour developed.
(2) Hydrolysis of carnosine—theoretical considerations. It thus seemed 
very probable that if carnosine were hydrolysed with hydrochloric acid, the 
colour value would continue to fall until the reaction was complete. If the 
diazo value of the solution were measured before hydrolysis and again after 
hydrolysis, the ratio of the colour values thus obtained should be that of 
their molecular colour values. The molecular colour value of histidine was 
previously found to be 117 million mm. as compared with 114 million mm. 
determined by Koessler and Hanke. A revised determination of the molecular 
colour value of carnosine has led the writer—mainly from increased skill in 
matching the histidine and carnosine colour standards—to the conclusion 
that the molecular colour value of carnosine is somewhat greater than the 152 
million mm. previously published, viz. 161 million mm. This value is checked 
by the following considerations.
The histidine colour standard is a mixture of 0-22 cc. methyl-orange with 
0-20 cc. Congo red in 100 cc. water. For convenience call this SH.
The carnosine colour standard is a mixture of 0*10 cc. methyl-orange with 
0-25 cc. Congo red in 100 cc. water. Call this Sc .
These amounts were taken from 0-1 % stock methyl-orange and from 
0*5 % stock Congo red \y. Hunter, 1921],
On comparing in the colorimeter it is found that 24 mm. Sc =  28-5 mm. SH.
From the table previously published [Hunter, 1921] 0-040 mg. of carnosine 
in the test cylinder set at 20 mm. showed a reading of 24 mm. Sc .
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0-04 mg. of carnosine should thus give a reading of 28-5 mm. SH.
The molecular colour value of carnosine is thus
^  x 226 x 105,4
or approximately 161 million mm. SH.
Now, carnosine yields by theory on hydrolysis 68-5 % of histidine, i.e. 
0-04 mg. of carnosine yields on hydrolysis 0-0274 mg. of histidine.
0-04 mg. of histidine monohydrochloride gives a reading of 22-4 mm. SH.
[N.B. The molecular colour value of histidine is thus
22-4 x 209 x 105,4
i.e. approximately 117 million mm. SH.]
Histidine monohydrochloride contains 74 % histidine, i.e. 0-04 mg. of 
histidine monohydrochloride contains 0-0296 mg. of histidine.
22-40-01 mg. of histidine will thus give by calculation a reading of or 
7-57 mm. SH, and
0-0274 mg. of histidine will give 20-7 mm. SH.
That is, a solution of carnosine giving an original reading of 28*5 mm. 
SH will give after hydrolysis a reading of 20-7 mm. SH.
The ratio of the final reading to the original reading should be the same 
as the ratio of the molecular colour value of histidine to the molecular colour 
value of carnosine.
20-7 u 7 n ™Thus - g>5 _  161 -  0-73.
For convenience this figure will be termed the hydrolysis quotient.
(3) Experimental. The results obtained from the actual hydrolysis of 
carnosine solutions are less satisfactory than one might expect from the above 
considerations. Thus a series of carnosine solutions were treated in exactly 
the same way as that described for histidine. 0-1 % solution of carnosine 
was used. The original value of 1 cc. from 25 cc. dilution was 28-5 mm. SH. 
After hydrolysis for periods of 15, 30, 45, 60 and 75 minutes 1 cc. showed the 
respective colour values 20-4, 19,18-2, 18-1 and 18 mm. SH. After 15 minutes’ 
hydrolysis the colour was more yellow than SH.
Carnosine is thus very readily hydrolysed and under the above conditions 
part of the histidine is destroyed. After the initial sudden fall from 28-5 mm. 
to 20-4 mm. continued boiling lowers the value at a much diminished rate. 
After 30 minutes’ boiling the values remain almost constant but the colours 
are too yellow—indicating some destruction. It would appear that in the 
course of the hydrolysis the histidine passes through an unstable phase in 
which the iminazole ring is readily disrupted. The histidine that emerges 
from that hypothetical intermediate condition resists further boiling.
Other hydrolytic agents, such as sodium hydroxide and acetic acid, besides
652 G. HUNTER
different conditions of temperature and concentration were tested, in the 
attempt to overcome the difficulty. Finally an approximately constant- 
boiling mixture of hydrochloric acid was used and the hydrolysis conducted 
at 90°. Under these conditions a strictly quantitative conversion is not yet 
attained, but a comparison of the results from various extracts under standard 
conditions would appear to be of some weight. The extracts hydrolysed were 
of such a concentration that 1 cc. of the final dilution gave approximately 
the same values. To the amount of extract to be hydrolysed exactly half its 
volume of concentrated hydrochloric acid was added. The following are the 
results from a solution of pure carnosine and from muscle extracts of cat, of 
ox, and of salmon. This ox extract was slightly positive to Knoop’s test. 
All the readings were taken with the histidine standard.
Cat muscle Ox muscle Salmon muscle
Time Carnosine extract extract extract
mins. mm. mm. mm. mm.
Original 28-5 2 9 0 28-5 2 7 0
15 25-4 24-3 26-0 26-5
30 23-3 23 0 23-5 24 0
45 21-5 21-8 22-7 22-5
60 21 0 21-2 22 0 22-1
75 20-9 20-7 21-7 21-4
Hydrolysis quotients
after 75 mins. 0-73 0-71 0-76 0-79
The carnosine solution and the cat muscle extract agree very well in both 
their rate of fall and in their hydrolysis quotients. The ox muscle quotient 
is slightly high, probably owing to the presence of either histidine or histamine 
in the original. The salmon extract quotient is still higher, but it is remark­
able in face of the very yellow azo colour given by the original that the rate 
of fall accords so well with the others.
Although this method of hydrolysis is not sufficiently sensitive to show 
that a definite percentage of the colour is due to carnosine, it at least gives 
one a sense of assurance in the use of a very unspecific reagent for the esti­
mation of carnosine in such a complex solution as muscle extract. It would 
further seem to indicate that carnosine is responsible for a very high percentage 
of the colour as measured from fresh muscle extracts treated only with lead 
acetate.
The specific cause of the yellow colour produced in such cases as salmon 
has not been found. In the case of rabbit muscle, it has been observed that 
the colour is more red when the carnosine content of the muscle is high and 
yellow when low. Some cat and frog muscles with a low carnosine content 
also showed a yellow colour. This is not surprising as the chances of inter­
ference are greatly increased when the test portions are less dilute.
Though purines certainly give rise to a small error and exact quantitative 
results cannot be got when the colour is not of the right tint, yet the total 
error in the lead acetate filtrate is too small to eliminate. With a better 
hydrolytic agent it might yet be possible to evaluate the error.
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Ca r n o s i n e  Co n t e n t  o p  so m e  M u s c l e s .
With the method of extraction and treatment of the extract as previously 
described, the following results have been obtained. Each result represents 
the percentage colour value reckoned as carnosine in the fresh skeletal 
muscle. Further, each result represents the average of at least two results 
obtained from different pieces of the same muscle.
For convenience the amounts found are given from lowest to highest 
carnosine contents. The contents for four members of each species of animal 
are given.
Rabbit muscles 0-026 0-064 0-090 0-101 % carnosine
Frog „ 0-107 0-128 0-142 0-280 „
Cat „ 0-123 0-203 0-336 0-380 „
Ox „ 0-340 0-400 0-515 0-640 „
The results show that the carnosine content of muscle varies not only 
with the species of animal but varies greatly in different animals of the same 
species. The highest values obtained in the one species are two to four times 
greater than the lowest values in the same species. This finding is at variance 
with that of Clifford [1921,2]. This worker finds, for example, ox muscle to have 
an almost constant carnosine content of 1-1 %. But apart from the constancy 
of the results found, the writer is compelled to question their accuracy. In a 
previous paper [1921, 1] Clifford finds that 0-02 mg. of histidine gives a value 
of 10-75 mm. measured with the Koessler and Hanke histidine standard. 
With these data—and assuming the author means 0-02 mg. of histidine 
dihydrochloride—the molecular colour value of the histidine is
x 228 x 105,
which is approximately 122 million mm. SH.
With the same colour standard Clifford records that 0-1 mg. of carnosine 
gives a reading of 30 mm. The molecular colour value of Clifford’s carnosine 
is thus 30 x 226 x 104 or approximately 68 million mm. As previously stated, 
the writer finds the molecular colour value of carnosine against this same 
colour standard to be 161 million mm. Assuming this figure represents 100 % 
pure carnosine, the carnosine employed by Clifford is thus only about 43 % 
pure. The carnosine content of the various muscles tested by Clifford should 
from this point of view be about 43 % of the values actually given.
S u m m a r y .
1. Extracts to be tested for carnosine should be free from ammonium 
salts, sulphides, phenols and aldehydes.
2. The degree of yellowness of the azo colours developed from muscle 
extracts is in the order of the percentages of the intensification of the azo 
colours as given by sodium hydroxide and hydroxylamine.
3. In ox muscle purines are responsible for about 3 % of the colour value 
reckoned as carnosine. In the same tissue there is probably about other
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2 % of the colour not due to carnosine. The error in the method due to colour- 
producing substances other than carnosine is probably about 5 % in ordinary 
muscles.
4. Histidine under certain circumstances may be present in muscle 
extracts.
5. A test has been found to distinguish histidine from carnosine.
6. A more certain means than the diazo reagent is given for the identifi­
cation of carnosine in any tissue.
7. The fall in colour value of hydrolysed meat extracts agrees with that 
of pure solutions of carnosine.
8. The carnosine content of muscle varies with the species of animal and 
with different members of the same species.
The writer is much indebted to Prof. Cathcart for his inspiring guidance 
throughout this work.
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THE DIAZO-REACTION, WITH SPECIAL REFERENCE TO URINE
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( P r e l im in a r y  Note)
by
GEORGE HUNTER, M,A», B.Ru<,
I n s t i t u t e  o f  P h y s io lo g y ,  U n i v e r s i t y  o f  Glasgow.
The cau se  o f  t h e  d i a z o * r e a c t i o n  in  u r i n e  h a s  
been  a t t r ib u t e d  to  a v a r i e t y  o f  s u b s ta n c e s .  Clemens 
(quoted  by von Noorden (1 ) c la im s  t o  have i s o l a t e d  th e  
sodium s a l t  o f  th e  s u b s ta n c e  r e s p o n s i b l e  f o r  th e  r e a c t i o n .  
T h is su b sta n ce  c o n ta in e d  4 ,5  to  5 .4  p e r  c e n t , n i t r o g e n .  
O th ers assume i t  to  be due to  ch ro m o x y -p ro te ie  a c i d s  o r  
t o  i l l * d e f i n e d  members o f  th 5 s  g rou p  o f  su b s ta n c e s  
(Beubauer-H uppert ( 2 ) .  Weiss (5) i s  em phatic  t h a t  
urochromogen i s  th e  s u b s ta n c e  r e s p o n s i b l e  f o r  a p o s i t i v e  
d ia z o * t e s t .  E ngeland  (4) i s o l a t e d  from 40 l i t r e s  o f  
norm al human u r i n e  a sm a ll  amount o f  h i s t i d i n e .  He th u s  
B U ggests th a t  im in a z o le  d e r i v a t i v e s  p r i m a r i l y  cause  the  
d ia z o -r e a c t io n  i n  u r i n e s .  Hermanns and  Sachs (5) con­
s id e r  th a t  i n  u r i n e s  from  tu b e r c u lo u s  p a t i e n t s  an  o x id a ­
t io n  product o f  t y r o s i n e  i s  r e s p o n s i b l e  f o r  th e  d ia z o -  
r e a c t io n . In th e  u r i n e  o f  a  p a t i e n t  w i th  c a n c e r  o f  th e  
l i v e r  th e se  o b s e r v e r s  found  o x y in d o la c e t i c  a c i d .
The m ethods o f  c a r r y i n g  o u t  th e  d i a 2 0 - r e a c t i o n  
in  u r in e  have been  v e r y  v a r ie d *  S u f f i c e  i t  t o  n o te  h e re  
t h a t ,  to  a v o id  d e a m in iz a t io n  o f  c o lo u r  g iv in g  amino- 
a o id s  by th e  f r e e  n i t r o u s  a c id  o f  th e  d i a z o - r e a g e n t , th e
l a t t e r  sh ou ld  be made a l k a l i n e  b e fo r e  t h e  a d d i t i o n  o f
th e  u r in e  to  be t e s t e d .  For r e a s o n s  s t a t e d  by E o e s s l e r  
&nd Hanke (6) sodium c a rb o n a te  i s  For t h i s  pu rpose
p r e fe r a b le  t o  sodium h y d ro x id e  o r  to  ammonium h y d ro x id e .
—3—
r e t r e a t e d  w i th  s i l v e r  b a r y t a ,  and the l a t t e r  f r a c t i o n  
f i n a l l y  p r e c i p i t a t e d ,  w i t h  mercuric chloride. Prom this 
w e ll* w ash e d  p re c  luxate there was obt^.ned about 0,1 
gram o f  p u re  histidine n o n o h y d ro e h lc r i& e * (The amount 
a c t u a l l y  p r e s e n t  p e r  litre was e s i i mated at 0 ,3 1  g ram ).
I t  h ad  t h e  f o l lo w in g  p r o p e r t i e s ;  m e l t i n g - p o i n t ,
253 t o  254; m e l t i n g - p o i n t ,  w i th  d e co m p o s it io n ,  o f  ;
t h e  p i c r o l o n a t e ,  231 to  233, The m ic ro sc o p ic  ap p ea ra n c e  j 
o f  b o th  t h e s e  s a l t s  a g re e d  w i th  a u t h e n t i c  d e s c r i p t i o n s  
and  w i th  th e  same s a l t s  o f  h i s t i d i n e  o b ta in e d  from a 
d i f f e r e n t  o r ig in *  There  was found 16*9 p e r  c e n t  i
( c a l c u l a t e d  17 p e r  c e n t . )  Cl* The m o le c u la r  c o lo u r  
v a lu e  was 114*5 m i l l i o n  mm, (H unter ( 7 1 * I t  was p o s i t i v e  
t o  Knoop*s t e s t .
The s u b s ta n c e  m ain ly  r e s p o n s ib l e  f o r  t h e  c o lo u r  j 
n o t  a c c o u n te d  f o r  by h i s t i d i n e  was n o t  i s o l a t e d ,  b u t  p a r t l y  ( 
p u r i f i e d  and  r e l a t i v e l y  c o n c e n t r a te d  s o l u t i o n s  gave r e a c t i ons^ 
i n d i c a t i n g  a  p h e n o l ic  o o n s t i t u t i o n .
OONCIUSIOHS.
! •  I n  t h e  u r i n e  from p a t i e n t s  s u f f e r i n g  from  m e a s le s ,
h i s t i d i n e  i s  r e s p o n s i b l e  f o r  a b o u t  85 p e r  c e n t ,  o f  t h e  c o lo u r
d e v e lo p e d  by th e  d i a z o - r e a g e n t ,
2 , I n  m e a s le s  th e  o u tp u t  o f  h i s t i d i n e  i n  t h e  u r i n e  i s
i n c r e a s e d .
The w r i t e r  i s  in d e b te d  to  Hr. E ll : i ; rc s o f  E u c h i l l  H o s p i t a l ,  
Glasgow, f o r  th e  m a t e r i a l ,  and to  P r o f e s s o r  B .P .C a th c a r t  
f o r  much h e lp  th roughout; th e  w oih.
